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This report was prepared by Martin Marietta Manned Space Systems in New Orleans . The effort 
was conducted under Contract NAS8- 37143 Shuttle-C for the period July 1991 through December 
1991. 
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1 '° " Ln, was conducted to determine 

„„ the^onscraintT of the manufacturing ^"^^Sac^ned to 5 ftwith mint* or no 
New Orleans, Louisiana. The maximu facility modifications and beyond 1 1 ft 

modifications, a stretch of 11 ft wllh s ° me P ^ sjs w'a? performed to evaluate the impacts fo 
significant new facilit.es m to $130 M depending on the tank length. 

. impat. of appmximately $30 M ts reahzed. 

2.0 Problem 

The reference NLS vehicle configurations have been e ^. bl .£ hC ^ and 

S^deTeS ^.enhal concept risks "^eX« thc bas ' li "' d \L 

propellant poSr vehicle and as a result wtmld Uke t to havemore^ p^ a| Uvel „ has requested 

stretch in theLH2 tank 5 ft baseline. A trade study will be conducted 

and coa 

3 ’ # ^Thifobjective of this study is to determine manufaemring, tooltng and fac.ltnes data base to 
suppose cSpac. analysis for MAP tank Snatch. 

4 ’ # & h ach for dtisstudy * 

25 ft in length. Manufacturing, considering current ET processes and 

SoTogfep^^" 

SB ftcili,y - a new ce " A 

at 12 ft and new cell E at 17ft are required. 

6 '° t fslT- ^vid^m die Uve, .1 stu.es to be integrated into the 

Task#4 System Architecture Options Study at JPO. 

7 ‘ 0 ^Tl^^oUow^^ttachments listed in Section 8.0 are included to provide detailed 
relative to the Core Tank Stretch Study. 


8.0 Attachments 

Attachment 1 - NLS Core 


Tankage Tank Length Stretch Study. 22 November 1991 
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Tank Length vs Facility Impact 

Assembly Impacts 
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Software Sizing & Timing 
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and 

Standard Software Language ADA 
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NLS AVIONICS FLIGHT SOFTWARE 
Contract Report 


software is required to be developed according to a standa 
software lifecycle that is being defined in the Level III NLS 
Software Management Plan. 

Also the Data Management System is required to ^'' ide T “ d s e ' ,ua,e 

margins for software to uSto, 

margins are required to be a PP |east 75 percent margin is 

timing and throughput. As a minimum “* “* software PDR. At 
required to be available at the 6 available at the end of the Flight 

tss. s" a srs szzz * . » » 

available at software acceptance. 

r jt. « s =s.-.ss=r 

The tasks are: 

t. independent Software Verification and Validation 

o Software Sizing and Timing 

« Ada Software Development Environments 

4 Common Software Development Environments 

5 software Development Automation 

6 Standard Software Language 

7 8 StfS I«g (generic Software Faults 
9. Software Policies and Standards 


Each task was supported by Martin Marietta’s Manned Space System 
in a lead or support role. In the tasks where lead role support was 
provided, supporting data was required and provided. In the other 
tasks, supporting data was also provided. 

An average of three telecons per week was supported, and meetings 
were attended in Huntsville at MSFC in support of the NLS trades. 
Listed below is the data provided in support of NLS Avionics 
requirements definitions. Data is listed by the task supported. 

Also, attached support documentation is included. 

M-18S IRAD Presentation 

Ada Timing Data 

NLS Sizing Estimates 

NLS Avionics Functional Decompositions 

Artificial Intelligence ADAS Report 

MMMSS ESO Software Development Methodologies 

Software Productivity Consortium CASE Tool Evaluation 

Supporting results and data provided was very informative, and used 
to develop and baseline NLS Avionics Software requirements. 



cc Bili vsnoeeK 

Su3 , software orotfucUvity Consortium Evaluation of 
Automatic Code uener.itoi s 





///-ar SOFTWARE 
. ■ PRODUCT! V J7> 

"Ess- CONSORTIUM 



April 29, 1991 


Tne following Software Productivity Consortium document is enclosed: 

The «0 Boeing Pilof Ptojec, ™ ^aS^ 

" sofU/e and as .hey , elated to the Synthesis process. 

.ten „r,rUr<;t?nd the capabilities and limitations 
The primary purpose of this pilot project ■ wj- ' j products that specifically address 

Additionally, this pilot project dev ' lop ‘ d ^dncToob based on selection criteria, 

establishing goals for the evaluations. sc “ » - p «, derive conclusions about me 

establishing an evaluation process, and using me 
stau* of the technology of these tools. 

ha ?ratn> So ns “ 


L>is.r icaH'lt: S: 


ncarci of Devours 

□ 

is 

rr* 

■jrM»-:cr 

r?!cti sh'U’Jcn f i*.r!V.r 

ijj 

LD 

a 

Tfic5i."»Scti Advisory I * o s r d 
•TTAG >.U-n* hM'S 

•TAG 

LJ 

• Cover k :in o-'-*y . 
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Sincerely, 


,-r 



Claude DelFossc 
Vice President 
Technology Transfer 
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Shuttle C Funtions 


A functional decomposition of these STS functions. 
Shuttle C SRD, redlined STS FSSRs, and HAL/S code 
were used in developing the Shuttle C estimates 
shown on the previous page. 


Guidance 

Staging 
Insertion 
Abort Targeting 

Navigation 

User Parameter Processing 
State Propagation 


Flight Control 

Digital Autopilot 
Steering 

Attitude Processor 

Sequencing 

Launch Countdown 
SSME Operations 
propellant Dump 


Subsystem Operating Programs 
MPS TVC 
SSME 
Rate Gyro 
RCS Command 

Redundancy Management 
IMU 


Systems Management 
Data Acquisition 
Fault Detection and Annunciation 
Special Processes 

Vehicle Utility 

Data Acquisition 
Launch Data Bus 
Test Control Supervisor 


Automated Crew Functions 
Switch Activations 
OPS 1 Load 

Systems Control 

System Initialization 
Bus Management 


Operating System 
I/O Services 

Multitasking Priority Preemptive 
Redundant Computer Operations 


Scheduling 









A Report 


of 


software re 


jvelopment process 


Tl'.u- Phong Systems 

Martin Mancna ^ 

October 12, 19W 


MORELS 


Avionics Diagnostic System {ADS) 


The ADS prototype demonstrates the application of knowledge-based system technology to 
the diagnosis and repair of avionic systems. ADS is meant to work with an automatic test 
equipment (ATE) but the current version queries the user for all status information. 


Reasoning Methods for Automated Diagnostics 

The ADS is an expanded version of the earlier Telemetry/Analysis and Diagnostic (TAD) 
program which used a rule-based reasoning approach. TAD used a backward chaining 
(goal-driven) rule-base for diagnosis and a forward-chaining rule-base to identify an 
appropriate problem solution. 


Rule-based reasoning has some drawbacks which are most evident in a diagnostic 
application. First, rule-based diagnostic systems have a fixed range of capability beyond 
which novel fault situations cannot be handled. Secondly, the maintenance of a rule-base 
system becomes increasingly difficult as the size grows and electronic systems tend to 
require larger knowledge-bases. 


One alternative to the difficulties of rule-based reasoning is a technique called Model-Based 
Reasoning. In this technique a model of the entire system is built which describes the 
functionality of all working components. To some extent this model can simulate the entire 
system, including system behavior under fault conditions. Diagnosis is achieved, in simple 
terms, by changing the simulation parameters to match the observed symptoms, at which 
point the model should correspond to the faulty state of the system. 


ORIGINAL. PAGE is 
OF POOR QUALITY 


Model-based reasonmg can theoretically diagnose all error sm.ar.ons, even errors that have 
no, been explicitly encoded in the program, thereby surpass, ng the fixed capability of rule- 
base systems. In addition, model-based reasoning can diagnose ."creasing larger systems 
without extensive rework of the knowledge-base. This follows from the fact the 
knowledge is stomd as models of individual components; larger systems will retire more 
component models but the models themselves remain unchanged. 

one drawback to model-based reason.ng is the relatively long time required to find a 
solution. Because the model is effectively a simulation of the avionic system .t req.ures a 
amount of computation. Here the rule-based system has an advantage, because ., 
explicitly lists all the known faults i, can quickly concenmate the search effort to a hkely 

problem area. 


Fault-based Diagnostics 

Fault-based diagnostics fall between model-based reasoning and rule-based reason.ng 
Individual components are modeled, bu, only with respect to causing or propaganng au 
symptoms. The av.onics system is described in the computer as a network of component 
models. The connectivity of the model is analysed to find all symptoms assoc, ate w, 

particular faults and vice-versa. 

In add, lion to the genera, fault-symp.om connections, the fanlt-based system allot, 
specific rule-like connections from fan,, to symptom which correspond 
knowledge about expected fault occurrences. These special connections spee up , 
diagnostic process for familiar problems, while allowing the general reasoning to operate 

for other faults which have not V:en explicitly desenbed. 


Implementation 


The ADS prototype was written in Knowledge Craft on a Symbolics 3620 Lisp Machine. 
The program uses schemata to describe and components and their connectivity. The 
reasoning system was originally written in CRL-OPS (Knowledge Craft's version of OPS) 
but has been replace by a small Lisp program. 
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TERMINATOR DEFINITIONS (EXTERNAL I/Fs) 


1.0 Flight Operations 

The flight operations terminator includes all activities that interface with the 
NLS flight avionics functions after liftoff of the integrated launch vehicle. The 
interface between flight operations and the NLS flight avionics functions will be 
via RF links from either ground tracking stations, TDRSS, the SSF, or GPS. Flight 
operations functions will include mission control center operations, ground 
communication and data processing networks, tracking systems, the GPS, mission 
monitor and control activities on the SSF, and uplink of data loads/reloads 
including telemetry format changes and logic changes. 

2.0 Ground Operations 

The ground operations terminator includes all activities (except range safety) 
that interface with the NLS flight avionics functions prior to vehicle liftoff. 

These activities occur during individual stage manufacturing checkout, 
integrated launch vehicle assembly and test, preflight checkout, and countdown. 
They also include the ground portion of Vehicle Health Management. 

The primary physical and electrical interface between ground operations and 
NLS launch vehicle avionics will be through one or more umbilical connectors. 
This interface will include a data bus/network connection for interchange of data 
and commands and cables for connection of ground electrical power. Direct or 
indirect RF communication may be performed during prelaunch checkout to 
verify RF communication capabilities. 


3.0 Range Safety System 

The range safety terminator includes all range safety activities that interface 
with the NLS flight avionics functions during ground assembly, integration, 
countdown, launch and the ascent mission phase prior to separation of the 
CTV/US from the core booster. 


One of two interfaces between range safety and the NLS launch vehicle avionics 
will be through RF communication to a transponder on the launch vehicle which 
assists tracking radars. The second RF interface consists of the 8™ und 
transmitter which issues the destruct commands. Additional vehicle health 
status information will be obtained from launch vehicle telemetry via 
ground/flight operations. During preflight tests, range safety functions will v 
include verifying correct range safety component performance and safe/ar 

status. . 


4.0 Environment 


Included are the natural phenomenon^? includes ? a vacuum 

salt air, sand, cosmic r ^^ no "’ an during asC ent, shock, vibration, thermal, 

<£T - — earth PreSCnCC ’ ~ 

5.0 Payload 

The payload 

TS&S- ™- " *■ “ “ 

CTV/US, 

. . i ._j pipctrical interface between payload(s) and the NLS 

The primaiy physical and elec 1 ^ Qr morc umb ilical connectors located 

launch vehicle avionics will J include a data bus/network 

ZZJXSLJS "d" commands and a- - connection - 

electrical power. 


Thrust Vector Control Systems 


The Thrust Vector Control M^no^e^cS. Stated to die 
for the physical ch^etn^^SI®^ ^ actuators . The 

"™face V wS the" avionics inc.udes a data bus and power bus. 

7.0 Shuttle 

s ssxstz sriTov^iS-!: 

the STS payload bay. 

The primary physical and located on the CTV 

avionics will be throu 8 ® This interface may include a data bus/networ 

-» 2 s , Sirs r. — - ~ •— “ 

electrical power. 

8.0 SSF 

, . o_ ftr< n Station Freedom interfacing with the 

The SSF terminator is *« P^ ed ^ SSF provides electrical power to a tenhed 
CTV for rendezvous and cap • ^ (rf communication between the 

cw and th" are'corfsidcred a part of High, Operations. 


9.0 Propulsion System 

The Propulsion System includes the STMEs, the SSRB engines, CTV engine(s), 
secondary propulsion systems.STME controllers, propellant management, and 
gases. The STME will interface via a data bus and power bus. The SSRBs will 
interface through an interface device in the core stage avionics. This interface 
will accommodate power and commands to the SSRBs and data for downlink 
from the SSRBs. This interface is predefined. 

10.0 Structures and Mechanisms 

The structures and mechanisms terminator includes all structures and 
mechanisms activities that interface with the NLS flight avionics functions 
during ground assembly, integration, countdown, launch and during all mission 

phases. 

The avionics interface will consist of drivers for ordnance devices, solenoids, 
lights, sensors to measure structural conditions such as stress and temperature, 
as well as sensors to detect mechanism activation, etc. 

The structures and mechanisms functions may include shroud jettison, stage 
separation, SSRB separation, and antenna deployment. 


3:32:05 6 Nov 91 nls.avionics Data Dictionary Entiy fo_cmds pag 


o cmds (control flow) = commands to the vehicle through RF 

encryption or encoding, as required. . 


8-16:50 6 Nov 91 nls_avionics Data Dictionary Entry fo_response 




to response (data flow) * 
•Flight Operations Response 
Commands.*. 


includes responses to Flight Operations 


16:55:08 6 Dec 91 


nls avionics Data Dictionary Entry fo.data page 1 


fo_data (data flow) * . ri t beina sent t0 the vehicle, as well 

'Flight Operations Data includes data 9 vehjc j e includes 

as data coming from the vehicle. Data be 9 Qr y p p er stage. 

GPS data and table loads/reloads for ehanaes and logic changes 

?h6Se “ b<fard ^^ce^? O^u^ng^er^^ hDads^t^ta coming fro 9 m 

Silss-sss 

instrumentation data. . 


18:17:19 6 Nov 91 nls_avionics Data Dictionary Entry prop_cmds page 1 


Pr ^Topdsion°^m(T«nds are an commands to the STME Engine Controllers, 
to the ASRBs, to the secondary propulsion systems, and to the 
propulsion valves of the attitude control, or Reaction Control 
System. Propulsion Commands also includes all commands tor fluid 
and gas management.*. 


18:17:36 6 Nov 91 nls_avionics Data Dictionary Entry prop_data page 1 
prop data (data flow) ■ 

'Propulsion Data consists of all health, status, mode^ and all other data 
to be included in the vehicle RF downlink telemetry.'. 


18:17:49 6 Nov 91 nls_avionics Data Dictionary Entry prop_fstat1 page 1 


pTopulsion^ault Status includes all pertinent fault-related data 
generated by the health monitoring function of the vanous 
propulsion subsystems/. 


17:4728 4 Dec 91 nls.avionics Data Dictionary Entry prop_power page 

Pr< ^PropuBlo^«Sa electrical power provided by the avionics 
system to the propulsion systems. . 


18-18:05 6 Nov 91 nls_avionics Data Dictionary Entry sm_cmds page 1 

Sm *S C tm^es n Sd Mertanisms Commands include all ordnanw commands, 
latch commands, and all commands to control docking lights. . 


18:18:18 6 Nov 91 nls_avionics Data Dictionary Entry sm_data page 1 

Sm *StnJoturesf suSuMechanisms Data includes separation data, ordnance data, 
position data, and all other data to be included in the vehicle RF 
downlink telemetry.*. 


18:1829 6 Nov 91 nls_avionics Data Dictionary Entry smjstat page 1 

Sm *^njcture t s anT Mechanisms Fault Status data includes all pertinent 
fault-related data generated by any health monitonng function of 
a vehicle structure, mechanism, or ordnance. . 


17:42:18 4 Dec91 nls.avionics Data Dictionary Entry an jower page 1 

sm_power (data «ow)- electrical power provided by 

mechanlsmS ° f 0rdnanC6 - • 


] 



18:18:58 6 Nov 91 nls_avionics Data Dictionary Entry sts_ctv_cmds page 1 


sts_ctv_cmds (control flow) * 

*STS CTV Commands are all hardwired commands from the STS to the CTV. 
(Note: RF commands are considered to be Flight Operations Commands).*. 
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sts_ctv_response (data flow) * 

*STS CTV Response includes responses to STS CTV Commands.*. 
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sts_ctv_data (data flow) - 

*STS CTV Data is all hardwired data from CTV to the STS, or from STS 
to the CTV.*. 
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sts_ctv_services (control flow) « 

*STS CTV Services are any services, following berthing of the CTV with 
the Shuttle, which may be required to provide power to CTV subsystems, 
or to effect other actions necessary to modify the CTV environment*. 
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ssf_ctv_cmds (control flow) - id commands from the SSF to the CTV. 

• ( K ^SSSSSSSSSlm Operations Commands,,. 
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ssf_ctv_response (data flow ) « t0 $SF CTV Commands.*. 

*SSF CTV Response includes responses iu oor v * « 
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Data Dictionary Entry ssf_ctv_data page 1 


SS *SSP'CTV dS S3 hardwired data from theCTV (including payload, i, 
applicable) to the SSF, or from SSF to the CTV. . 
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nls avionics Data Dictionary Entry ssf_ctv_servi page 


E e ele S d ^BfnJStnr modity the CTV environment/. 
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tvc cmds (control flow) - 

•The TVC Systems include the TVC Subsystems for all NLS gimbaled engines 
(e.g., STME, ASRB, etc.). A TVC Subsystem consists of the controller(s) 
and the actuators). 

TVC Commands are all commands to the TVC controllers. These include 
commands to gimbal the engines to specific positions, mode commands, 
etc..*. 
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tvc data (data flow) ■ 

•TVC Data includes, but is not limited to, the following: all TVC 
measurements which are to be included in the vehicle RF downlink or 
hardwired telemetry, data necessary tor performance assessment, checkout 
data.*. 
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tvc Jstat (data flow) - , , J ^ i 

*TVC Fault Status includes all pertinent fault-related data generated 
by the health monitoring function of the various TVC Subsystems.*. 
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WC HS£. r vSSr* SnM Power is electrical power provided by die 
avionics system to the TVC systems. . 


- 8*06*55 6 Nov 91 nis — avionics Data Dictionary Entry envir_ct"iflr paQ8 

en *Environme^^^cteristics are all environmental charact«istics used 
bv the Avionics System in performing its various functions. These 
characteristics may be any of the following: temperatures, pressures, 
acceleration changes in attitude, wind, shock, vibration, in and out of 
sun. etc.. This data may also be included in RF or hardwired downlink 

telemetry.*. 
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^'^iTgh^e^^on'ls a pair of commands to destroy the NLS elements 
(core ASRB. CTV. US), as applicable. The commands are sent to tne 
on-board Range Safety System via its own RF link.*. 
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,ra S 

limits.*. 
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payload_cmds (control flow) « 

•Payload Commands are all commands from an NILS element to an attached 
payload.*. 
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payload.response (data flow) ■ 

•Payload Response is a response from the payload as a direct consequence 
of having received a Payload Command.*. 
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payload Ijdata (data flow) • 

•Payload Data includes data being sent to the payload, as well as data 
coming from the payload. Data being sent to the payload may include 
navigation updates. Data coming from the payload may include flight 
critical data, operational flight instrumentation data, and 
development flight instrumentation data.*. 
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payloadjservices (control flow) « 

•Payload Services include all services which may be required by the 
payload. These may include electrical power, environmental control, 
and discretes which may be used by the payload to effect various 
functions.*. 
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Dictionary Entry go_cmds page 1 


£T«n^^ ™y be sent with or without encoding 

or encryption.*. 
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’'SESE&s asssssssarar 

prelaunch checkout (not on-pad checkout). . 
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Itmte, or logic changes norm a night 
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9 °S OplSns^ices are arose serves induding dednca, power. 
Sr or GN2 purge, and air conditioning needed before launch. . 
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Mode Control 
(Test Control 
and Sequencing) 

1 2Kbytes/50Hz 
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Vehicle 

Timekeeping 


lKbytes/50Hz 


Command 
Processing 
and Distribution 

2Kbytes/50Hz 


Operating 

System 

Services 

1 00Kbytes/50Hz 
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3.1.1 Vehicle and Data Management 


The Vehicle and Da, a ^ 

control 0 V h '°"- b 0 7 a d n fU 0 "h"r o„-board functions. The on-board system serv.ce 
Kons a lrI considered par, of V&DM. V&DM performs its own health 
monitoring and self-test. 

3 11 ! Mode Control (Test Control and Sequencing) 

, _ . . .h. vehicle mode or mission phase of the vehicle 

sequential commands from the d ““ ^ ( f £ CAM e^able/dfsable 

rts.rr - «■— 

3.1. 1.2 Command Processing and Distribution 

r .-star as. ir ur. 2 -- 

appropriate 

3. 1.1.3 Vehicle Timekeeping 

Vehicle timekeeping monitors * e ^'v^fcle. ^TOTfiinction is also 

updates as necessary the aMW *»■ including odier 

not^become skewed. 

3 1 . 1.4 Vehicle Health Monitor 

Vehicle Health Monitor condoles the the 

subfunctions, remains c0 *"“* . other subfunctions that may be 

S“Ve a hic.e re S,i Monitor is 

^dTTa^rrnW The Vehicle Health Monitor 


also remains cognizant of the VDM hardware and software and notifies 
mode control when a failure is detected. 

3.1.1. x Operating System Services 

3.1. 1. y Bus Management 



1 
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Perform Tetomdry and Command 



Telemetry and Command 


313 

_ a (T XrC\ function shall provide timely, accurate and 

The Telemetry and Comman ( > ^ vehicle froin the external interfaces 

secure exchange ? f „ data t0 these external interfaces, i.e. all uplink 

and the transmission of .. RF Unks except range safety and 

- rs tnc^ Sutfl iHwntl monitoring and self-test. 

3.1.3.1 Formatting Telemetry 

The formatting telemetry ito" 

r^SSr1oZ.1hat°has been commanded by the VDM o, an 
external interface (STS, SSF, ground). 

3. 1.3.2 Storage 

Storage is the " T " ‘a"/ C^iTnd “ “or^" 

amebic, e JSM £. 

telemetry formatting func ion. bus(es) This function also gets 

&£ — ds ** « *- 

later execution are also stored. 

3. 1.3 .3 Receive 

The receive subfunction demodulates dte RF signals from an external 
^urce and does a hardware check for valtduy. 

3. 1.3.4 Transmit 

The transmit subfunction modulate^ the f ^ su Sfunction also 
data for transmission by cable «»tafc ™ ired . 
performs data encryption and encoding 4 

3.1.3.5 Decode 

The decode subfunction removes ^coding cmuplt ^ i etect | on 

required, also does UteTforwarded to the addressed function via 

and correction. The data is 

the VDM. 

3.1.3.6 RF Link Control 

The RF link control subfunction confieures the on-board transmitters. 


3. 1.3.7 


Instrumentation 


The instrumentation subfunction collects sensor data and performs signal 
conditioning as required to process and distribute all onboard 
instrumentation data. 

3.1.3.8 T&C Health Management 

The T&C Health Management subfunction assesses the health of and 
reconfigures, if required, the T&C Function. The T&C health status is 
reported to the VDM function. 


4. NAVIGATION 



State Vector 
Computation/ 
Update 

6Kbytes/50, 2Hz 


On-Pad 
Alignment 
and Sensor 
Bias Estimation 
16Kbytes/100Hz 


Navigation 

Health 

Management 

12Kbytes/2Hz 


Sensor 

Compensation 

6Kbytes/50Hz 


GPS Processing 
30Kbytes/2Hz 


Other 
Navigation Sensor 
Processing 

30Kbytes/50Hz 
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Perform Navigation 



3.1.4 Navigation 


; h ; ptS"'-" 1 irtn have .he 

ability to update these states. 


3. 1.4.1 Inertial Measurement 


The inertial measurement subfunc.ion measures inertial angular and 
translational accelerations. 


2 1.4.2 Sensor Compensation 


sensor compensation converts raw inenial 

information into acceleration in g * asurement data is multiplied by 

sensor coordinate frame. Raw tnerti l ration dependant correction, 

updated based on the pad alignment process. 


The state vector computauon/up navigation data and other 

states with IMU compensa ed sensor <ia^ transUtjonal statt vector is 

navigation sensor data as app1 ^ ‘ ' d dala to inertial coordinates and 
updated by converting lhec °™ P vectot . The rotational states are 

ifZlX inmemSg r current states with the compensated data. 


State Vector Computation/Update 


3.1.4.4 GPS Processing 


3 . 1 .*.* ^ a ^ 

» *hm Global Positioning System 

The GPS processing s ^“““° n aad " receiver. These elements perform the 
(GPS) antennae, pre-ampl Thc GPS data i s processed and 

provided " for^ sme^ vector computatton/update. 

^ D! 


2 j 4*5 vi*’* w 

• ; c estimation subfunction performs 
The on-pad alignment and sensor alignment needed to initialize 

acceleration coupled leveling pad al i gnm ent, the steady sta ** 

the vehicle rotational states. (D g P ... nt measurements different 
angular rate on the gy™ bias compensatton 

from earth rate are due to gy 


4 o„a Censor Bias Estimation 
On-Pad Alignment and Sensor 


utilized during flight is updated to correct for this known error.) This 
subfunction also determines the correct navigation element biases and 
updates the sensor compensation biases utilized during flight. This 
subfunction also supports the health management subfunction by 
facilitating IMU performance monitoring on the launch pad. 

3. 1.4.6 Other Navigation Sensor Processing 

The other navigation sensor processing subfunction includes other 
navigational sensors (e.g. sun sensors, star trackers, horizon sensors). used 
to update the rotational states for execution of all CTV operations. The 
sensor data is processed and provided for state vector computation/ 
update. 

3.1. 4.7 Navigation Health Management 

The Navigation Health Management subfunction provides continual 
management of the IMU, GPS Receiver and antennae, CTV Operations, and 
the navigation software tasks. The Navigation health status is reported to 
the VDM function. 



5. GUIDANCE 
35Kbytes/2Hz 


Guidance 
Prediction 
and Analysis 


Translational 

Thruster 

Firing 



Engine 

CutOff 

Timing 


Guidance 

Health 

Monitor 







Perlorm Guidance 



GUID control 


3.1.5 Guidance 


The Guidance f ™ cti ™ ^ shaTp^rfom the calculations 

perform its own health monitoring and self-test. 

3.1.5.1 Guidance Prediction and Analysis 

The Guidance Prediction and ^*^ S1S u *“ b ^rOT°and expected performance 
stage state vector based on ^cni s am vecio a ^ ^ # missjoni 

,o the end of the bum. For the open loop ungu P m and used 

Sg P m"n and^the Smeriig Commands/Misa.ignment Corrections 
subfunction. 

3.1.5.2 Engine Cut Off Timing 

Prediction 'and^" ^funcTon' — '«»« wil1 * 

determined by this subfuncuon. 


Translational Thruster Firing 


^ Translations, Thrusmr Finn* 
are^equired F«« “* 


Steering/Misalignment Corrections 


The Steering/Misaligninent Conectmns subfmicrion genMM« steering data 

sss sffrwSi-- : 

the stage end time. 

3 1 5.5 Guidance Health Monitor 


The Guidance Health Monitor subfunction collects guidance health status » 
be used by the VDM function. 
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Perform FUgW Conliol 



3.1.6 Flight Control 


3.1.o rugm 

The Flight Con, to, function £>> — , CotT. 

Kf,Sr^ commands for the conmol "octroi 

guidance steering data and flight conmo =on ^ uators . Hight contro. 

— g and seif-test. 


3.1.6.1 Gain Computation 


The Gain Computation subf»ncti»< " * 

;:m: d anl h fmer V tTame.en C for use ’in other High, Control subfuncons. 


3.1.6.2 Sensor Data Acquisition & Filtering 




The Sensor D.» 

fS"«ei Treduce noise and prevent aliasing. 


3 1 5.3 Compensation Filtering 


The Compensation Filtering subfunction modifies autopilot signals to 
achieve control system requirements. 


auuvTv ~ ~ — 

3.1.6.4 Compute Gimbal Angle Commands (Autopilot) 

*%AC C 


The Compute Gimbal 

STS4- “ gleS ’ 


3 .J. 6 .S Wind Load Alleviation 


* 1 6.5 muu — ~ — 

, • .insists of algorithms which reduce 

structunti* loads'* and *gimb™ ^lesTSte presence of winds aloft. 

_ — 


SUUWtui*** 

3.1.6.6 Engine Actuator Mixer (TVC Commands) 

« 1 __ _ . 


The Engine Actuator engine 

commands to engnw • 
and propulsion module status. 


a*iv» y — * — 

3 167 Compute RCS Commands (Autopilot) 

The Comoute RCS Commands function uerforms the thruster selecou 


3. 1.6.8 Flight Control Health Management 

The Flight Control Health Management subfunction subfunction determine 
the health of the Flight Control system including any reconfiguration. 











Perform Propulsion Sy- •» Control 



3.1.7 Propulsion Control 

The Propulsion Control function shall control and monitor the propulsion 
systems P This function shall include engine start-up, shut down, thrust level 
setting events; propellant management; gas system management; and thruster 
Talve control. Propulsion Control shall perform its own health monitoring and 

self-test. 

3. 1.7.1 Engine Controller Commands 

The Engine Controller Commands subfunction commands the engine 
controller to start, stop, select thrust level, and to inhibit shutdown etc. 

(The engine controller passes signals to the engine m the form of 
commands to control functions such as valves, igniters, etc. to start, stop, 
select thrust level, etc.) The engine controller command subfunction uses 
data from the Propulsion Health Management subfunction to determine 
required engine controller commands. 

3. 1.7.2 Manage Fluids (Pressure/Tanking) 

The Manage Fluids subfunction receives commands from the VDM function 
m actuate valves for prelaunch, engine conditioning and mission operat 
(fill/drain valves, pre-pressurization valves, etc.). This subfunction 
^n^vropcn^ tank pressurization and venting 

trmneratures and fluid level measurements are sent to the Propulsion 
STZagemen, subfunction, and to the T&C function for transm.ss.on 

to the ground. 

3.1.7.3 Manage Gases 

The Manage Gases subfunction receives commands to distribute helium for 
i nh nnrtres during final launch countdown. This subfunction also 
ES? rS£3£ ofvaive actuation gas for the main propulsion 

system as required during mission operations. 

3. 1.7.4 Secondary Propulsion Control 

TT maT , frft _ the plight Control function, the Secondary Propulsion 

SnnolTubfunction arms/controls the secondary propulsion system 
fseconda^ propulsion consists of SSRBs, CTV engine(s) and conm>ller(s), 
U„^r s2ge engine(s) and controller(s), RCS and deorbtt engines.) 

TOr valve pressure, and temf*rature status ts prov.ded to the 
Propulsion Health Management subfunction. 



propulsion Health Management 


The Propulsion Health he S “p"on This’Tuncuon 

srrjr-jsr 

STS W engine'controller. Propulsion status is provtded 
the VDM and the T&C functions. 







MO control 


3.1.9 Mechanisms and Ordnance Control 

The Mechanisms and Ordnance Control function shall control vehicle 
mechanisms verify vehicle interfaces, and initiate devices necessary for stagi g 
or other ordnance activated events. Mechanisms and Ordnance shall also control 
anv interfaces between the vehicle and other vehicles with which it may 
rendezvous. Mechanisms and Ordnance shall perform its own health monitoring, 
self-test and related subsystems health monitoring. 


3.1.9.1 Mechanisms 

The Mechanisms subfunction consists of the automatic or manual operation 
of grappling devices on one vehicle required to attach it to or to release it 
from another vehicle with the appropriate docking adapter. This 
subfunction also operates any mechanical devices (such as latches) whic 
exist on the integrated launch vehicle. 

3.1.9.2 Separations 

The Separations subfunction controls the opening or severance of holding 
devices and the activation of any forcing devices required to move a 
vehicle component into a planned position. The Separations subfunction 

initiates the following operations: — 

(a) TO umbilical and holddown release 

(b) Booster separation 

(c) Shroud separation 

(d) Payload separation 

(e) CTV antenna deployment 

(f) Strongback deployment. 

3. 1.9.3 Mechanisms and Ordnance Health Management 

The Mechanisms and Ordnance HealU. Management subfunction performs 
out of limit detection of mechanisms and ordnance health and s * tus 

reported to the VDM function. 








Perform Power Management and Distribution 



Source_Health 


3 110 Electrical Power and Distribution (PM AD) 

The PMAD function, shall include 

distribution of electrical power o transfer of electrical power between 

monitor energy sources as applicable thejansi* °f „ shall provide 

power sources, and the P owcr P U P , an d be compatible with the vehicle 
necessary circuit protection and ' rfonn its own health momtonng 

fault tolerance requirements. PMAU snai f 

and self-test. 

3.1.10.1 Distribution 

^divfdu" a^athVite^ “ 

individual loads. 

3 1 10.2 Source Control 

backup, or solar cell to battery, etc. 

3.1.10.3 Power Changeover Control 

The Power Changeover 

S ^ror^V:t"ower. 1. shall also provide any 
necessary sequencing. 

3.1.10.4 Source 

The Source subfunction pr° v ‘ des * e ™ ain P ° W " P ° mt ° £ ° ngm ’ 
batteries, ground power, fuel cells, et . 


3.1.10.5 EPS Health Management 







Perform Environental Control 



3 . 1.11 Environmental Control 


EnvTronment'aT Control Shall perform its own health momtonng. self-test and 
related subsystems health monitoring. 

3.1.11.1 Thermal Control 

The Thermal Control subfunction monitors and provides control of avioi J!“ 
mmpemre during the mission. This will include both heattng and coohng 

of the avionics systems. 

3.1.11.2 Environmental Control Health Management 

The Environmental Control Health Management subfunction determines if 
die Environmental Control system is working properly and reports fault 
status to the VDM function. 
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2 



Electrical 

Power 


1 
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Thermal 

Management 


Payload 

Accommodations 

Health 

Management 


Telemetry 

Data 

Collection 


Mode 

Control 







Porfonn Payload Accomodations 



3.1.12 Payload Accommodations 


The Payload Accommodations funct oi interfacing requirements are 

payload carrier. Special payload management Stage systems 

decoupled from the basic operation of the Core ^ meMS may includ e 
through the payload p Zcr source and power switching and 

telemetry formatting. se "^° r p ay i oa d Accommodations function shall provt e 
thermal management. The Pay oaa 
own health monitoring and self-test. 

3 1.12.1 Electrical Power 

The electrical power „ 

isolated power source dedicated P th ® er b( . in g provided to the 

SSS fr^ 5 "- to an on-board source and turns the power 
source on or off. 

3.1.12.2 Telemetry Data Collection 

The Telemetry Data Collection "**^*%£ * d 

receive a serial dam stream J t0 ^fer these measurements to 

r~“ u " - >- — ■ 

3.1.12.3 Thermal Management 

The Thermal Management P rop " 

control by Core or Upper Stage thermal effects by 

^Xrmal' bla^ and heating/coo, ing. 

3 1 12 4 Mode Control 

The Mode Control subfunction issues commands to the payload which 
cause the payload to mice an action. 

3.1.12.5 Pay'- Accommodations Health Management 

The Payload Accommodations Healti^ u ^) 8 «pabi 1 ^ 0 "*° Vyload 
— L detection of anomalous 

behavior. 







Perform Emergency Detection 



3.1.13 Emergency Detection System 

FDS function shall independently monitor the overall operation of the Core 
l^e vehicle for any conditions that could be hazardous to a manned payloadL 

if 1 rr 

h— -g- s SS.'STW 32S 2 - c 

Verd is manned. The EDS function shall provide for its own 
health monitoring and self-test. 

3.1.13.1 Out of Limit Detection and Warning 

The Out of Limit Detection and Warning subfunction determines if any EDS 
health and status parameter(s) is/are not within a nomtnal operating 
range, and if not, then notifies another vehicle funcuon and/or grou 
personnel of this condition. 

3.1.13.2 Launch Escape System Activation 

The Launch Escape System Activation subfunction automatically or by 

; a o P t .rr a si,; m roU n or 85,61 

l f..neh if an uncorrectable hazardous condition is detected. 

3.1.13.3 Vehicle Safing 

- Vehicle Srfn* — * -T 

S rcoSVop^ve or the performance of any ordnance even,. 


3.1.13.4 EDS Health Management 


The EDS Health Management ^function pcrfonns out of Until 
and warning of EDS health and static paramet^ ^ , he 

automatically or by manual command isMates tne p 
system so that nominal EDS operation continues. 






3.1.14 Collision Avoidance Maneuver 

. th _ cTV when activated. When a 

The CAM function shall monitor * d th e CAM function will intervene 

hazardous condition detec«d n The CAM functio n shall be an 

and maneuver the Civ to a y 
intervention level function. 


3.1.14.1 CAM Process and Control 

The CAM Process and Control h su ^. fu ^ C ^ the target 

predetermined hold point w ic sufficiently long for the 

vehicle. The CTV will remain at the hold operation attempt is 

ground/SSF controllers to Control subfunction can respond to a 

advisable. The CAM Process and soon d t o a command from the 

command for another attemptor “ Sr torn the target. Should no 
ground/SSF to move to a second ‘ ^ the CTV CAM Process 

command be received within Ac i d * munic ation failure has 

and controlsubf^uo^.11 «-» ** subfunctio n will automatically 

maneuver the CTV to the distant point. 


3.1.14.2 Vehicle Safing 

The Vehicle Safing subfuncuon wnds^a^equence^ cif ^oommand^t ^ 

vehicle which will prevent 1 This subfunction occurs once the 

g? r; n^e d x^^ r — with - ^ 

vehicle. CAM functions are not disable . 







Perform Range Safety 



Z 


3.1.15 Range Safety 

The RS function shall ensure safe operation of the vehicle in the proximity of 
personnel or valuable capital assets. The RS communications shall be 
independent of the other avionics functions. RS shall provide for its own health 
monitoring and self-test. 

3.1.15.1 Tracking Beacon (or C-Band Transponder) 

The Tracking Beacon subfunction consists of a C-band transponder which is 
independent of all other NLS avionics functions, including Range Safety. 

The transponder receives signals from the range and replies. 

3.1.15.2 Receive Destruct Commands 

The Receive Destruct Commands subfunction receives a ground-issued 
destruct command and sends the appropriate hardware signals to the 
pyrotechnic devices for activation. If applicable, this subfunction also 
alerts the crew and the Emergency Detection System that the vehicle is 
about to be destroyed. 

3.1.15.3 Range Safety Safing 

The Range Safety Safing subfunction receives notification from the VDM 
function to safe the Range Safety Systems at appropriate times throughout 
the mission. The pyrotechnic devices are disabled and power is removed 
from the range safety hardware. 

3.1.15.4 Range Safety Health Monitor 

The Range Safety Health Monitor subfunction shall consist of built-in test 
equipment (BITE) for testing the pyrotechnic initiator controllers. This 
function only executes prelaunch. 
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~c control (control flow) - 
[TCJUplnkjCmd | TC_Modej. 
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EDS control (control flow) » 

(EDS_Uplnk_Cmd | EDS_Mode]. 
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PAY control (control flow) » 

[PAY_Uplnk_Cmd | PAY_Mode]. 
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ENV control (control flow) « 

[ENV_Uplnk_Cmd | ENV_Modej. 
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MO_control (control flow) - 
[MO_Uplink_Cmd | MO_modej. 


16:36:19 3 Dec 91 nls_avionics Data Dictionary Entry GUID_control page 1 

GUID_control (control flow) = 

[GUID_Uplnk_Cmd | GUID_Mode]. 
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NAV_control (control flow) » 

[NAV_Uplnk_Cmd | NAV_Mode]. 
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CAM control (control flow) « 

[CAMJJplnk_Cmd | CAM.Mode | CAM_Request]. 
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RS_control (control flow) ■ 

[RS_Uplnk_Cmd]. 
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PMAD_control (control flow) ■ 

[PMAD_Uplnk_Cmd | PMAD_Modej. 
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FCTL control (control flow) - 

[FCTL_Uplnk_Cmd | FCTL_Mode]. 
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data (store) * 

; Fault_Status + 


VEH_Fault_Status. 
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NA Gpt!?mfCa«e * NAV_Faul._Sta.us * VEH.UUofl.NoUUcaUon. 
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1.0 Summary 

An acoustics environments analysis was conducted for the NLS 
STS and Saturn flight and test data were used to estimate the external levels for various 

acoustic levels. 

2.0 Problem 

required to meet STS payload bay requirements. 

3.0 Objective 

The objective of this study is to determine the ■ cXSntaytod bay 
reference NLS 1 and 2 configurations. Paracular rnterestu [q 

^ ^ » 

STS/ET hardware that is anticipated on the NLS core stage. 

4.0 Approach 



location, and frequency content ditteren ... a ccount f OT the statistical uncertainty in the 

configurations. A 3 dB uncertainty factor is applied 1 

estimation process. Both external and internal levels » deydopv 
properties of the payload fairing and vehicle skm wall structure. 


1 
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5.0 Results 

The results of this study indicate that the NLS 1 configuration has as much as a 5 dB 
exceedence in the low frequency spectrum in the payload bay compared to the STS payload design 
levels. The NLS 2 has some slight exceedences also but are slightly lower. There currently is not a 
payload level requirement for the NLS 2, so the exceedence is of no concern to date. External and 
internal levels have been established for Cycle 1 analysis. These acoustic levels are based on 
nominal trajectory cases provided in the fall of 1991. These results do not reflect increased levels 
due to dispersed conditions. A revision update is currently in process to consider dispersed 
conditions. The critical condition for the payload bay levels is due to liftoff. 

6.0 Conclusions & Recommendations 

The following conclusions were derived from this study: 

1) The noise attenuation properties of the Titan IV Fainng are considerably less than the STS. 

2) A 5 dB payload bay excedence has been determined for the NLS 1 configuration due to the 

liftoff condition. .... , . . 

3) This analysis assumed STS / MLP Acoustic characteristics. It is recommended that a 
subscale water suppression be performed with the flame trench to determine the impacts of 

configuration change for the NLS. ... , . .. , 

4) Finally, the 3 inches of blankets used in the analysis can be optimized to reduce the high 
frequency levels. Additional analysis is recommended to develop additional attenuation in the 
fairing. 

7.0 Supporting Data 

The following attachments listed in Section 8.0 are included to provide detailed information 
relative to the Acoustics Analysis study. 

8.0 Attachments 

Interoffice Memo 5486/CB-9 1-526, 20 December 1991, Final Report on the NLS Acoustic 

Study, Stan Barrett. 1QQ ~ 

Acoustics Analysis Executive Summary Presentation, January, lWx 
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Titan IV Bare and Empty Noise Reductions 
One Third Octave Band Spectral Predictions 



Fig. 22. TIV Predicted Bare and Empty PLF Noise Reductions. 
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Interoffice Memo 


a r/urr/iv AM/7/i 


5486/CB-91-526 
20 December 1991 


To: 

R. Harris 

cc: 

D. Rich, R 

From: 

S . Barrett 

Subject: 

final 


Ext: 7-9045 


MS: L-5505 


Fax: 1-2599 


The attached report describes the acoustic study that was conducted 
by the Environmental & Subsystem Dynamics Group over the period 1 
September to 20 December 1991 in support of the NLS contract which 
Martin Marietta Manned Space Systems is performing for NAS A/MS FC. 

Two launch vehicle configurations were addressed during the study 
— the Heavy Lift Launch Vehicle (HLLV) and the 1.5 Stage Launch 
Vehicle (1.5 LV) . External and internal acoustic environments were 
predicted during liftoff and ascent at appropriate locations on both 
vehicles. The results were compared with allowable acoustic 
environments which have been specified for Titan IV and the Space 
Shuttle. Methods of mitigating the environments were discussed and 
several areas for further study were suggested. 

Please address any questions or comments to the undersigned. 



S. Barrett, Unit Head 
Environmental & Subsystem Dynamics 
Space Launch Systems. 
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PREPARED BY: 


R. B. LOWE, STAFF ENGINEER 
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SUMMARY 


An acoustic study was performed for two candidate NLS launch 
vehicle configurations, referred to as the Heavy Lift Launch Vehicle 
(HLLV) and the 1.5 Stage Launch Vehicle (1.5 LV) . External and 
internal acoustic environments were predicted at selected stations for 
both configurations and presented in the form of one-third octave band 
Sound Pressure Level spectra. The predictions were made by 
extrapolating data obtained from previous launch vehicles — primarily 
those associated with the Titan, Space Shuttle and Apollo programs. 
Adjustments were made for differences in engine power, physical size, 
structural configuration and launch trajectories. 

Two flight phases were addressed; the first occurrance of severe 
acoustics immediately following liftoff, then the later aeroacoustic 
phase in which high levels of fluctuating pressure are generated during 
the transonic and maximum dynamic pressure periods of flight. In the 
absence of any definition of payload sizes, the internal predictions 
for the payload fairings (PLF) were calculated only for the empty 
configuration . 

When the calculated PLF internal acoustic levels were compared witi 
the specified allowable empty fairing levels for the Titan IV and the 
Space Shuttle, severe exceedances were found across wide frequency 
ranges, showing that steps would have to be taken to reduce the noise 
levels. As an example of a partial solution, the effects of applying 
standard Titan acoustic blankets (three inches thick) inside the PLF 
were investigated. This treatment significantly reduced the high 
frequency part of the problem but did little to help the lower 
frequencies. It was concluded that the low frequency problem could best 
be reduced by adding a dense acoustic barrier inside the fairing. This 
would require some further detailed analysis before the optimum barrier 
could be selected. 


1 . 0 INTRODUCTION 


This study was performed by the Environmental & Subsystem Dynamics 
Group, which is part of the SLS Loads and Dynamics Department, in 
response to a request for technical support from Martin Marietta Manne 
Space Systems in New Orleans, Louisiana. The objectives of the study 
were to perform acoustic analyses in support of various National Launch 
System (NLS) trade studies being conducted by MMMSS under contract to 
the NASA/Marshal Space Flight Center. 


Specifically, we were to establish the distribution of Sound 
Pressure Level (SPL) along the external surface of two candidate NLS 
vehicles, during liftoff and then during ascent through the 
atmosphere. The two launch vehicles are referred to as the Heavy Lift 
Launch Vehicle (HLLV) and the 1.5 Stage Launch Vehicle (1.5 LV) ; see 
Figure 1.1. After calculating the noise reduction properties 
associated with the launch vehicles, we were then required to predict 
the SPL which would occur inside the payload fairings and inside 
various core stage locations such as intertank compartments, forward 
and aft skirts and propulsion modules. An overview of the sequential 
steps followed in the prediction process for liftoff and ascent is 
provided in Figures 1.2 and 1.3 


The purpose of this report is to describe the analytical methods 
used, in appropriate detail, to document and discuss the results of the 
study, and to provide convenient access to the data base that was used 
in the development of the estimates. 
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Figure 1.2 


Liftoff Prediction Sequence 
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Figure 1.3 

Ascent Prediction Sequence 
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2 . 0 HLLV PREDICTIONS 

The acoustic predictions for HLLV were made for a number of zones 
along the vehicle, selected at the areas of primary interest. The 
zones are defined in Figure 2.1. 

2.1 External Environm ent During Liftofl 

2.1.1 Method of Analysis 

The predictions of the external environment for the liftoff phase 
were derived by extrapolating data obtained from ground and flight 
tests on earlier programs. Much of the basic information for this 
phase was taken from STS ground and flight data, because of the 
similarity in engine configuration between the STS vehicle and the 
HLLV; see Reference 1, 2 and 3. In addition, data from the Titan 
programs was used where applicable. After the basic predictions were 
established, an uncertainty factor of 3 dB was added to the results. 


Three scaling parameters were used, as follows; 

(i) acoustic power, which is proportional to the mechanical power 
produced by the liftoff engines and therefore to the product of engine 
thrust and exhaust velocity. This was used to scale the overall sound 
pressure level (OASPL) . 

(ii) acoustic source location, which was derived from subscale STS 
model engine firings. This was used to calculate the variation in 
OASPL as a function of vehicle zone. 


(iii) Strouhal number. This parameter allowed the frequency 
content of the calculated spectrum to be adjusted to account for 
differences in nozzle diameter and exhaust velocity. 

The application of the parametric scaling will now be discussed in more 
detail. 

(i) The acoustic power correction factor (APCF) was calculated 
from the ratio of the engine properties of the baseline vehicle (the 
SSME's and SRB's on STS — Reference 2) to the HLLV; 


APCF (dB) = 10 Log 10 2 X T ASRB X V^^ 4 X _^STME*J[STME 

2 X T srb X V SRB + 3 X T ssme X V SSME 


SRB; 

SRB; 


where T = thrust = 14,680,000 N for the ASRB; 11,800,000 N for the 
2 593,000 N for the STME and 1,780,000 N for the SSME, 
and*V = exhaust velocity * 2673 m/s for ASRB; 2500 m/s for the 
4247 m/s for the STME and 3250 m/s for the SSME. 
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Figure 2.1 Definition of Acoustic Zones for HLLV 
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, D e is exit diameter and 


fii) In the calculation of the source location correction, remits 
obtained from a launch simulation test performed on a 6.4% scale model 
STS References 1 and 3) were used. SPL spectra were measured 
at afixed location on the Orbiter as the vehicle was movedupaway 
from the pad. The scaled height above the pad which 9 > v « “e highest 
soectral value, regardless of frequency, was defined to represent the 
worst case source location for the STS? this was called R<STS) . 

The effective source location for the HLLV was ul^STME's 

nnneirfarinfl the mixina pattern of exhaust plumes from the four STME s 
and the two ASRB's. Two equations from the literature (Reference 3) 
wSe SsedRo bound the estimate of the supersonic core length, as 

follows: 

Lq *= D e [ 1.2 + 3 . 65M e ] 

and L 0 = 3-45D e [ 1 + 0.38M e ] 2 

--where Lq is laminar flow core length 
M e is Mach number at the exit plane. 

An assumed 12 degree plume growth was used to ^^Riative to 
downstream distance at which the plumes might intersect , 
the above calculated core lengths and the elation Q ns iere that 
acoustics was measured, assuming no cant angle. Indica 
the STME plumes will intersect but the ASRB plumes probably will not 
intersect within the elevation at which maximum acoustics 
experienced on the vehicle. 

The distance from the source to the zone of interest was called 
R(NLS) . 

The source location correction factor is given by 

SLCF (dB) ■ 20 log^Q{R(MLS)/R(STS) } 

This correction was added ^th. baselto. OASPL -cal«» fro. the STS 
data. The process was repeated for each MLS zone. 

(iii) The frequency co " e ° tion ^aiculated on the basis of 

maintaining a constant Strouhal number, SN f x D/V. 

ie., {f x D/VJjjllv - (f x D/V) sts 

where f “ frequency in Hz 

D ■ Effective nozzle diameter 
and V * Effective exhaust velocity 
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The concept of "effective” values roust be used because each vehicle 
has two different sets of nozzles, operating simultaneously . Effective 
nozzle°diaroeter and exhaust velocity were calculated for the two cases 
2n £he basis of geometry and power. Since the STME's are all equal in 
power, the correction Applied increased the strouhal diameter by the 
souare root of the number (4) of STME engines. These were then 
combined, based on their contribution to the overall sound power level 
(OAPWL) and compared with the STS combined SSME and SRB power. 


2.1.2 Numerical Correction Factors 

The following numerical correction factors were calculated by the 
processes described in the previous section. 

(i) calculation of Acoustic Power Correction Factor: 

APCF - 10 Log 10 2 X 14.68E06 X 2763 + 4 X 2 • 3E06 2 47 

2 X 11.8E06 X 2500 + 3 X 1.78E06 X 3250 


- 2.1 dB. 


(ii) Calculation of Strouhal parameter: 

SN(STME) /f - D e ( STME )/V( STME) - [4] 1 / 2 D ( STME )/V( STME) 
« 2 X 2.21/4247 
= 0.00104 

SN(ASRB) /f - D(ASRB) /V(ASRB) 

- 3.78/2673 
« 0.00141 

SN(SSME) /f - D e (SSME) /V (SSME) - [3] 1 / 2 D(SSME)/V(SSME) 
« 1?73 X 2.39/3250 
•- 0.001274 

SH(SRB)/f - D(SRB) /V(SRB) 

- 3.77/2500 

- 0.00151 

(iii) Calculation of mechanical power ratio: 

P(ASRB) /P(TOT) - 3 . 9E10/6 . 1E10 «0.64 

P(SRB) /P(TOT) - 2 . 95E10/3 . 8E10 - 0.78 
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(iv) Calculation of equivalent nozzle exit diameter: 

D e (STS) = [0.78 X 3 . 77 2 + 0.22 X 4.14 2 J 1/2 * 3.85 m 

D e <HLLV) « [[0.64 X 3.78 2 + 0.36 X 4.42 2 ] 1/2 » 4.02 

V (STS) * 0.78 X 2500 + 0.22 X 3250 * 2665 m/s 

V e (HLLV) »* 0.64 X 2673 + 0.36 X 4247 « 3248 m/s 

(v) Calculation of Strouhal parameter: 

SN (STS) /f * 3.85/2665 = 0.00145 

SH(HLLV)/f = 4.02/3240 = 0.00124 

(vi) Calculation of frequency shifts 

Under the assumption that Strouhal number is constant, 

SN(HLLV) * SN ( STS ) 

— therefore f(HLLV) x D(HLLV) = f(STS) x D(STS)^ 

V(HLLV) V (STS) 

f(HLLV) * D(STS) X V(HLLV) 

f (STS) D(HLLV) X V ( STS ) 

■ 0.00145/0.00124 
- 1.17 


This is areater than 1/6 octave band but less than 1/3 octave 
, , . «4wiiar calculation which assumed that SSME's and STME s do 

co^ini l^ tr. friquenc^ ihift of approxisat.ly l/« octave band; 
It £s coScLdS tiit a shift of 1/3 octavo band was 
appropriate and this was applied to the data. 


2.1.3 Results 

Usina the method and corrections described above, external spectra 
for various zones on the HLLV were calculated and plotted. Thc spec r 
III sSoin in Figures 2.2 though 2 7 Jor^Zones C D, B F, ° 

SfUctMa^wm ^^^r^rijr of the payload 
fairing. The variation in overall SPL is given in Figu 
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Figure 2.4 

HLLV Liftoff Zone E External Surface Acoustic Levels 
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HLLV Liftoff Zone F External Acoustic Levels 
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Figure 2.8 


Variation of External Liftoff Level Along 
the HLLV Payload Fairing. 
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2.2 Tnfcemal Environment During LiftPf l 
2.2.1 Method of Analysis 


The first step in predicting the internal environment was to 
correct the external data from surface values, as ® eas ^; d ' ^ eetlons 
free-field conditions, using the set of frequency-related correct ic> 
in Table 1 The internal spectrum was then calculated by subtracting 
tHe ^ise Reduc?ion (NR) cu?ve for the protective structure. The NR 
curves for the payload fairing were developed by scaling acoustic data 
measured on the Titan 34D program (Reference 5) , for the bare (no 
blanket) condition and on Titan IV (Reference 6) for the blanketed 
configuration. NR curves for the downstage structures were ' . 
* nTn Commercial Titan development testing that was performed at MMC 
SS onTSuidrlc” skirt ^Reference VJ. Th. re.ults w.re soaled on 
the basis of weight per unit area, which inversely affe ® t ® *he 
amplitude of the curve, and the diameter, which causes a shift in the 

ring frequency: 

Ring frequency f R - [E/£ ) 1 ^ 2 /1f d cyl» 80 ttlAt 


f R (HLLV) d cyl (CT) 
"f^CT) " d cyl (HLLV) 


2*2*2 Numerical Correction Factors 

correction factors were calculated having the following values 
Density scaling factor (DSP) for the PLP adapter: 

DSF (dB) “ 20 Log (0.013773/0.013003) 

■ +0.5 dB 

Density scaling factor (DSF) for forward skirt: 

DSF (dB) - 20 Log 10 t [W/AJnls/ TEST 1 
m 20 Log (0.013624/0.013003) 

« +0.4 dB 

Density scaling factor for intertank: 

DSF (dB) " 20 Log (0.023282/0.013003) 

* +5.0 dB 

Density scaling factor for propulsion module aft skirt: 

DSF (dB) = 20 Log (0.02648/0.013003) 

« +6.2 dB 
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Ring frequency shift for PLF adapter: 

r TEST/ r NLS " 69 n /143" - 0.42 
Frequency shift (in oct) * Log 0.42 / Log 2 « -1.25 

To the nearest 1/3 octave this represents a downward shift of four 1/3 
octave bands. 

Ring frequency shift for forward skirt, intertank and aft skirt: 
r TEST/ r NLS “ 60 n /165 M m 0.36 

To the nearest 1/3 octave this represents a downward shift of five 1/3 
octave bands. 


2.2.3 Results 

Using the corrections developed above, internal spectra at the 
HLLV zones of interest were calculated. The results were combined with 
the internal spectra calculated in the next two sections for the ascent 
phase of the mission, and plotted as worst-case envelopes. The spectra 
are presented in Section 2.4.3. as Figures 2.17 through 2.22. 


2.3 External Environments During Ascent 

2.3.1 Method of Analysis 

For the ascent phase, the predictions were based on a combination 
of data sources. The basic approach was the same as that used for 
liftoff; appropriate flight and ground test data were collected and 
modified to allow for differences in the governing parameters. 

Wherever possible, the Titan IV database was used, since it 
contains up-to-date information and it continues to be refined as more 
flights are accomplished. Also, the data acquisition and analysis 
techniques which are inherent in the Titan IV database are much 
superior to those used a few years ago. For the zones on the payload 
fairing, advantage was taken of a large body of wind-tunnel test data 
performed to support the Titan IIIC, HIE and IV programs in 1988. 
These tests typically collected data from 24 acoustic transducers and 
covered Mach numbers ranging from 0.70 to 1.60, for various 
combinations of angle of attack and sideslip angle. The results were 
reported in detail in Reference 8 . 

The measured data was corrected for differences in maximum dynamic 
pressure (q max) , which directly scales the magnitude of the acoustic 
spectra, and for the frequency shift introduced by differences in 
external diameter, following the constant Strouhal number law. 
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2.3.2 Numerical Correction Factors 
Scaling for dynamic pressure: 

q max for T-rv - 936 psf (typical) 
q max for HLLV « 806 psf, 

— therefore, dynamic pressure correction factor is 

DPCF (dB) - 20 Log 10 { q max (HLLV) / <J m ax (T-IV) * 

« 20 Log 806/936 - -1.3 dB. 

Frequency correction: 

The calculated correction shifted the frequency scale upward by two 1/3 
octave bands . 


2.3.3 Results . 

Figures 2.9 through 2.16 give the predicted external environments 
during ascent. These were next used to calculate the internal 
environments . 


2.4 Internal Environme nts During Ascent 

2.4.1 Method of Analysis 

After correcting the external estimates to correspond to free-field 
levels the internal environments were calculated by subtracting the 
appropriate noise reduction curves from the external spectra. The NR 
curves, which had been computed for liftoff conditions, were first 
adjusted for the differences in performance at high altitude. It is 
known that better noise reduction is realized from a payload fairing 
during aeroacoustics than during liftoff, especially m the lower 
freouencies (below 1000 Hz or so) . The phenomenon is not fully^ 
understood, but it is related to the reduction m acoustic impedance 
(the product of air density and speed of sound) and the difference in 
the nature of the noise field, caused during aeroacoustics by 
fluctuating aerodynamic pressures which progress past the surface 
„ fhor i-han the fairlv stationary reverberant acoustic field 
characteristic of liftoff. In this study, an empirical correction was 
derived from a comparison of the effective NR (defined as External SPL 
minus Internal SPL) measured on Titan IV during liftoff versus the same 
quantity measured during the transonic/max q phase. 
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Figure 2.9 

HLLV Zone A Max Aero Predicted External Surface Acoustic Levels 
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Sound Pressure Level (dB re: 2.9e-9 psi) 
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Figure 2.10 

HLLV Zone B Max Aero Predicted External Surface Acoustic Levels 
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Figure 2.12 

HLLV Zone D Max Aero Predicted External Surface Acoustic Levels 
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HLLV Zone E Max Aero Predicted External Surface Acoustic Levels 
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Figure 2.15 

HLLV Zone G Max Aero Predicted External Surface Acoustic Levels 
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The NR curves for both bare and blanketed conditions were applied, 
using the data sources cited in Section 2.2.1. 

2.4.2 Numerical Correction Factors 

a correction was applied across the spectrum to account for the 
difference in the acoustic impedance at altitude; this was a factor 

+0*5 dB. 

The correction factors which we used to modify th« L^iSted* 

before applying it to the aeroacoustic external predictions are liste 

in Table 2.1 which follows. 

Table 2.1. Noise Reduction Correction Factors 

1/3 OB Center 
Frequency (Hz) 


20 

25 

32 

40 

50 

63 

80 

100 

125 

160 

200 

250 

315 

400 

500 

630 

800 

1000 

1250 

1600 

2000 

2500 

3150 

4000 


Delta NR Applied 
at Transonics (dB) 

Delta NR Appl 
at Max q (dB) 

-3.2 

3.5 

-3.4 

12.1 

4.0 

9.9 

0.5 

-2.8 

2.4 

8.9 

-1.1 

6.6 

-4.5 

7.0 

1.1 

8.7 

-0.3 

8.5 

-0.8 

6.2 

2.2 

8.4 

4.7 

9.8 

-0.6 

5.6 

1.1 

4.5 

1.8 

3.0 

2.4 

1.9 

3.8 

3.6 

3.9 

5.6 

0.1 

3.8 

-2.0 

1.8 

3.9 

6.6 

-0.5 

1.6 

-2.9 

■*4 . X 

-2.1 

-0.6 


2.4.3 Results 

Th. predicted internal 

tSS«*?tp«Si:rttS?-o... P condition.. .toe. they plot anv.lopa. 
of the liftoff, transonic and max q spectra. 
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The PLF curves in Figures 2.17 and 2.18 address 'the two interior 
conditions, bare and blanketed. For comparison, the two plots also 
contain the maximum allowable acoustic evironments for the STS Orbiter 
cargo bay and the Titan IV payload fairing; these are considered to be 
"baseline requirements" in the sense that many potential NLS payloads 
will have been designed and tested to fly on one of those two 
vehicles. The results are discussed from this point of view in Section 

4.0. 
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Figure 2.17 

Comparison of Internal Acoustic Levels for Zone C 
With Titan IV and Orbiter Payload Requirements 
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Figure 2.18 : 

Comparison of Internal Acoustic Levels for Zone D 
WithTitan IV and Orbiter Payload Requirements 


v i ^r*ri 7 *ha'' December 13. 1991 


Page 31 







Sound Pressi 



Figure 2.20 

HLLV Zone F Internal Predicted Acoustic Levels 
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Figure 2.22 

H i I V Zone H Internal Predicted Acoustic Levels 
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3.0 1.5 LV PREDICTIONS 

The acoustic predictions for the 1.5 Stage Launch Vehicle were made 
for the zones defined in Figure 3.1. 

3.1 External Environment During Liftoff 

3.1.1 Method of analysis 

The predictions of the external environments used the same method 
of analysis as was used for the HLLV. The method was described in 
detail in Section 2.1.1. The same general parametric scaling approach 
was adopted, incorporating numerical values appropriate to the 1.5 LV 
to obtain the correction factors listed below: 

3.1.2 Numerical Correction Factors 

(i) Acoustic power correction factor: 

APCF (dB) * 10 Log 10 6 x T(STME) x V(STME) 


2 X T(SRB) X V(SRB) + 3 X T(SSME) X V(SSME) 

where T * thrust = 2,650,000 lb for the SRB; 390,000 lb for the 
SSME and 583,000 lb for the STME, 

and V ■ exhaust velocity « 8200 fps for the SRB; 10,660 fps for 
the SSME and 13,934 fps for the STME, leading to 

APCF (dB) = 10 Log 10 6 X 583,000 X 13,934 

2 X 2,650,000 X 8,200 + 3 X 390,000 X 10,660 


- -0.6 dB 


(ii) Strouhal parameter: 


SN ( STME ) / f 

SN (SSME) /f 
SN(SRB) /f 


D e (STME) /v (STME) - [6) 1/2 D(STME)/V(STME) 

2.45 X 7.25/13934 
0.00128 

0.001274 D e (SSME) - [3] 1 / 2 X 7.8 = 13.51 ft 

0.00151 D e (SRB) * D(SRB) « 12.4 ft 
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Figure 3 . 1 


Definition of Acoustic Zones for 1.5 Stage LV 


(iii) Mechanical power ratio: 

P ( SRB) /P ( STS ) » 2 X T(SRB) x V(SRB) 


2 X T(SRB) x V(SRB) + 3 X T(SSME) X V(SSME) 

- 4 . 35E10/5 . 59E10 

- 0.78 

P(SSME) /P (STS) - 3 X T(SSME) X V(SSME) 

2 X T(SRB) X V (SRB) + 3 X T(SSME) X V(SSME) 

« 1 . 23E10/5 . 59E10 

= 0.22 

(iv) Equivalent nozzle diameter and equivalent velocity: 

D e (STS) - [0.78 X 12. 4 2 + 0.22 X 13.51 2 ] 1 / 2 « 12.65 ft 
D e ( 1 . 5LV) = [6] 1/2 X D(STME) = 17.76 ft 
V e (STS) = 0.78 X 8200 + 0.22 X 10,660 « 8741 fps 
V e ( 1 . 5LV) = 13,934 fps 

(v) Strouhal parameter: 

SN ( STS ) / f - 12.65/8741 « 0.00145 
SN(1.5LV)/f - 17.76/13,934 « 0.00128 

(vi) Frequency shift: 

f ( STS ) / f ( 1 . 5 LV) - 0.00145/0.00128 - 1.13 

This is equivalent to about a 1/6 octave band, so no frequency 
shift will be applied. 

3.1.3 Results 

The predicted external acoustic spectra for the 1.5 LV during 
liftoff were calculated for zones 1 through 5, using the above 
numerical corrections. The results are plotted in Figures 3.2 through 
3.6. The variation in OASPL along the PLF is shown in Figure 3.7. 
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Smoothed NLS 1.5-Stage. Liftoff External Surface Prediction 
ZONE 2: PLF-Aft PLF/Adapter Junction OASPL = 154.7 dB 
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Figure 3.4 

Smoothed NLS 1-5-Siagc.LifloffExlctMlSiMface Prediction 

ZONE 3: PLF-Adapter Region OASPL = 155.7 


V. . 1 M f 


r\» 


U 1001 


Page 41 




Sound Pressure Level (dB re: 2.9e-9 psi) 


150.0 


140.0 


130.0 


120.0 


110.0 


100.0 

10.0 


One Third Octave Band Spectrum 



100.0 1000.0 
Frequency (hz) 


10000.0 


Figure 3.5 

Smoothed NLS 1.5-Stage, Liftoff External Surface Prediction 
ZONE 4: Core Intertank Skirt OASPL * 158.7 dB 
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Figure 3.7 

Variation of Liftoff External Surface Pressure with Distance for 1.5 LV. 




3.2 


internal Environments Puri nq liftoff 


3.2.1 Method of Analysis 

The same methodology was employed for this section as was used in 
i.up httv analysis* Since the core vehicle is common to both 
configurations and the PLF's are essentially identical, the same noise 
reduction curves apply to both cases. 

3.2.2 Numerical Correction Factors 

Because of the similarities discussed above it was not to 

calculate any numerical corrections that were different to the HLLV 

factors. 

3.2.3 Results 

The internal acoustic environments during liftoff fo J J°"®® 1 
through 5 were calculated, incorporating the correction favors 
identified above. The results are plotted in Figures 3 * 8 th 

3 13. These results were also modified, for Zones 1 and , 
predicted effects of adding a standard 3 inch blanket inside the PLF, 

then presented in Figures 3.14 and 3.15. 

3.3 External Environmen ts During Ascent 
3.3.1 Method of Analysis 

the HLLV S for th^ascent^phase, 3 but°dif feren^reference data wee 

skirt after concluding that the max q environment was cnti 
transonics. 


3.3.2 Numerical Correction Factors 

to 1.5 LV zones 1, 2, 3a and 3b. 

Correction Factor -20 Log {q 1 # slv/^HLLV^ 

« 20 Log {514/575} = -1.0 dB 
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Figure 3.8 


NLS 1.5-Stage, Liftoff Internal Acoustic Prediction 
Bare and Empty Payload Fairing 
ZONE 1: PLF-Fwd Cone-Cyl Junction OASPL = 143.6 dB 
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Figure 3.9 

NLS 1 -5-Stage, Liftoff Internal Acoustic Prediction 
Bare and Empty Payload F*i™g 
ZONE 2: PLF-Aft PLF/Adaptcr Junction OASPL = 145-6 ab 
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Sound Pressure Level (dB re: 2.9e-9 psi) 
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Figure 3.10 

NLS 1.5-Stage, Liftoff Internal Acoustic Pr^iction 
ZONE 3a: PLF/Core Adapter. Conic Frustrum OASPL = 141.7 dB 
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Sound Pressure Level (dB re: 2.9c-9 psi) 
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Figure 3.11 

NLS 1.5-Stage, Liftoff Internal Acoustic Pr^ction 
ZONE 3b: Core Forward Skirt, Aft of Adapter OASPL = 141.2 dB 
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Figure 3.14 

NLS 1 5-Stage, Liftoff Internal Acoustic Prediction 
Standard Titan-IV 3 itKhPlJBlanietsmclud^ 
ZONE 1: PLF-Fwd Cone-Cyl Junction OASPL — 139.0 dB 
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Figure 3.15 

NLS 1.5-Stage, Liftoff Internal Acoustic Prediction 
Standard Titan-lV 3 inch PLF Blankets included 
ZONE 2: PLF-Aft PLF/Adapter Junction OASPL - 137.8 au 





A slightly different correction factor was calculated for 1.5 LV 
zones 4 and 5: 

Correction Factor « 20 Log {q 1# suj / ^Saturn * 

= 20 Log(627/690) = -0.8 dB 


3.3.3 Results 

The external levels during ascent were calculated after 
incorporating the corrections from the previous paragraph. The results 
are plotted in Figures 3.16 through 3.21. 


3.4 internal Environments During Ascent 

3.4.1 Method of Analysis 

The same approach was followed here as for the HLLV analysis, as 
described in Section 2.4.1. 

3.4.2 Numerical Correction Factors 

An acoustic impedance correction of -0.8 dB was applied to zones 1 
2, 3a and 3b. This accounted for the difference between HLLV and 1.5 
LV trajectories. For zones 4 and 5 the correction was +3.2 dB, arising 
from the difference between the Saturn and 1.5 LV trajectories. The 
correction factors to modify the liftoff NR curve were identical to 
those shown in Table 2.1. 

3.4.3 Results 

The predicted internal environments for ascent were obtained by 
subtracting the appropriate NR spectra from the external levels, 
incorporating the corrections just discussed. The results are shown in 
Figures 3.22 through 3.27, for zones 1, 2, 3a, 3b, 4 and 5. The 
modified internal levels for the PLF with a 3 inch blanket are plotted 
in Figures 3.28 and 3.29. 

Plots of the worst case internal levels, obtained by enveloping the 
Xiftoff and ascent cases, are shown in Figures 3.30 through 3.33, for 
the bare and blanketed conditions. The baseline requirements, from 
Titan IV and STS, are included for comparison; these are discussed in 

the next section. 

Tabulated values of the acoustic environments for the 1.5 Launch 
Vehicle are provided in Tables 3.1 through 3.4 
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Table 3.1 

NLS 1.5-Stage Predicted External Acoustic Levels for Liftoff 
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Table 3.2 

NLS 1.5-Stage Predicted Internal Liftoff Acoustic Levels 
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Table 3.2 

NLS 1.5-Stage Predicted Internal Liftoff Acoustic Levels (Continued) 
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Table 3.3 

NLS 1.5-Stage Predicted External Aerodynamic Acoustic Levels 




















Table 3.4 

NLS 1.5-Stage Predicted Internal Aerodynamic Acoustic Levels 
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Table 3.4 

NLS 1.5-Stage Predicted Internal Aerodynamic Acoustic Levels (Cont.) 
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Sound Pressure Level (dB re: 2.9e-9 psi) 
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/V'lcrmiih vl.25 (orizjbi) December 7, 1991 I 






150.0 


140.0 


CL 

9* 

i 

N 


& 130.0 


a 


o 

> 


2 

& 


(A 


120.0 


£ 

-o 


o 

CO 


110.0 


100.0 1 
10.0 


100.0 1000.0 
Frequency (hz) 


10000.0 


Figure 3.17 

NLS 1. 5-Stage, Aerodynamic Acoustic External Surface Prediction 
ZONE 2: PLF-Aft, PLF/Adapter Junction OASPL = 154.7 dB 
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One Third Octave Band Spectrum 



Figure 3.18 

NLS 1.5-Stage, Aerodynamic Acoustic External Surface Prediction 
ZONE 3a: PLF/Core Adapter, Conic Fru strum OASPL = 166.5 dB 


I Afteimtth vl.25 (oriubt) December 7. 1991 
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Sound Pressur 



Frequency (hz) 


Figure 3.19 

NLS 1 5-Stage, Aerodynamic Acoustic External Surface Prediction 
ZONE 3b: Core Forward Skirt, Aft of Adapter OASPL * 160.5 dB 
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Sound Pressure Level (dB re: 2.9e-9 psi) 


One Third Octave Band Spectrum 



Frequency (hz) 


Figure 3.20 

NLS 1.5-Stage, Aerodynamic Acoustic External Surface Prediction 
ZONE 4: Core Intertank Skirt OASPL = 153. 1 dB 



Sound Pressure Level (dB re: 2.9e-9 psi) 


One Third Octave Band Spectrum 



Figure 3.21 

NLS 1.5-Stage, Aerodynamic Acoustic External Surface Prediction 
ZONE 5: Aft Skirt and Prop. Module OASPL = 153.1 dB 
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Sound Pressure Level (dB re: 2.9e-9 psi 


One Third Octave Band Spectrum 



1000.0 
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Figure 3.22 

NLS 1 5-Stage, Aerodynamic Internal Acoustic Prediction 
Bare and Empty Payload Fairing 
ZONE 1: PLF-Fwd Cone-Cyl Junction OASPL = 164.8 dB 
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Figure 3.23 

NLS 1.5-Stage, Aerodynamic Internal Acoustic Prediction 
Bare and Empty Payload Fairing 
ZONE 2: PLF-Aft PLF/Adapter Junction OASPL = 144.5 dB 



Sound Pressure Level (dB re: 2.9e-9 psi) 


One Third Octave Band Spectrum 



Figure 3.24 

NLS 1.5-Stage, Aerodynamic Internal Acoustic Prediction 
ZONE 3a: PLF/Core Adapter, Conic Frustrum OASPL = 152.4 dB 
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Figure 3.25 

NLS 1.5-Stage, Aerodynamic Internal Acoustic Prediction 
ZONE 3b: Core Forward Skirt, Aft of Adapter OASPL = 145.4 dB 
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Pressure Level (dB re: 2.9e-9 psi) 




Sound Pressure Level (dB re: 2.9e-9 psi) 


One Third Octave Band Spectrum 



Figure 3.27 

NLS 1 5-Sta ge. Aerodynamic Internal Acoustic Prediction 
ZONE 5: Aft Skirt and Prop. Module OASPL = 135.0 dB 
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Sound Pressure Level (dB re: 2.9e-9 psi) 


One Third Octave Band Spectrum 



Figure 3.28 

NLS 1.5-Stage, Aerodynamic Internal Acoustic Prediction 
Standard Titan-IV 3 inch PLF Blankets included 
ZONE 2: PLF-Aft PLF/Adapter Junction OASPL = 130.9 dB 
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Figure 3.29 


NLS 1.5-Stage, Aerodynamic Internal Acoustic Prediction 
Standard Titan-IV 3 inch PLF Blankets included 
ZONE 1: PLF-Fwd Cone-Cyl Junction OASPL = 132.1 dB 
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Sound Pressure Level (dB re: 2.9e-9 psi) 
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Figure 3.30 

Comparison of Internal Acoustic Levels for 1.5 LV Zone 1 
With Titan-IV and STS Orbiter Payload Requirements 


Afiemuth vl.25 (oriiebe) December II, 1991 
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Figure 3.31 

Comparison of Internal Acoustic Levels for 1.5 LV Zone 1 
With T itan . TV and STS Orbiter Payload Requirements 


Aftermath vl.25 (orizaba) December 11. 1991 
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Figure 3.32 

Comparison of Internal Acoustic Levels for 1.5 LV Zone 2 
With Titan-IV and STS Orbiter Payload Requirements 


Aftermath v !.25 (orizaba) December 11 . 1991 
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Figure 3.33 

Comparison of Internal Acoustic Levels for 1.5 LV Zone 2 
With Titan-IV and STS Orbiter Payload Requirements 
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4.0 Comparis on with Requirements 

4 . 1 HLLV 

Figures 2.17 and 2.18 show that the predicted spectra within the 
bare HLLV PLF exceed the two baseline requirement curves over the full 
frequency range, by margins ranging from about 2 to 16 dB. The 
exceedance is greater for Zone C, at the forward end of the fairing; 
however, the Zone D comparison is probably more significant since most 
payloads will occupy the aft half of the PLF. The OASPL for Zone c is 
152.7 dB, well above the requirement of 139 dB. For Zone D the overall 
level is 146.9 dB. 

The addition of the standard Titan IV blanket (3 W thick fiberglass) 
improved the situation considerably. For Zone C the OASPL was reduced 
to 139 dB, matching the requirement, although exceedances were still 
visible in a few frequency bands, primarily in the range below 100 Hz. 
In Zone D the bare OASPL of 146.9 dB was reduced to 140.8 dB by the 
blanket. Again, exceedances were noted to remain below 250 Hz. 

The apparent improvement credited to the blanket is typical and 
believable for the upper frequencies — say above 300 Hz or so — but is 
questionable in the lower range, where very thick blankets would be 
required to provide the implied degree of absorption. The calculations 
leading to the results were based on data measured during a Titan 34D 
acoustic chamber test for the bare condition, and on Titan IV flight 
data for the blanketed condition. It is concluded that the differences 
in ambient conditions reduces the validity of the bare versus blanketed 
comparison, for the low frequencies. We would tend to have more 
confidence in the flight data, suggesting that the T-34D data might be 
excessively high in the low frequencies, where problems are often 
encountered in accurately measuring the average environment in an 
acoustic chamber. It would be useful if flight data could be obtained 
to determine the NR properties of a bare fairing, but we have not been 
able to locate any such data so far. 

4.2 1.5 LV 

The comparison of 1.5 LV internal PLF predictions with Titan IV and 
STS leads to conclusions similar to those discussed above. Figure 3.30 
shows that the envelope of liftoff and ascent predictions inside the 
PLF (forward part. Zone 1) exceeds the specification curves by a margin 
of 15 to 20 dB. Adding a 3 inch blanket (Figure 3.31) essentially 
cures the problem — the only remaining exceedances are in the 100 to 
200 Hz bands and these are only 3 dB or so. However, this again would 
require the blanket to be very effective in the low frequencies, 
whereas experience indicates otherwise. Figure 3.32 makes the 
prediction versus specification comparison for the aft part of the PLF 
(Zone 2). The exeedance here still covers the whole frequency range, 
but is much less — 1 to 13 dB. Figure 3.33 shows that adding the 
blanket brings the environment down to the point where the 
specification is only exceeded by 2 dB at 40 Hz and 200 Hz. 
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5.0 CONCLUSIONS 


The acoustic predictions developed for the two NLS launch vehicles 
should provide a useful basis from which to develop specific acoustic 
and vibration environments inside the payload fairings and various 
vehicle compartments • 


When the predicted internal acoustic levels for the payload region 
were compared with the specified environments for Titan IV and STS 
payloads, significant exceedances were found. The NLS levels were 
qenerally higher than the allowable spectra, over a wide range of 
frequencies. This conclusion applied to both NLS configurations. The 
situation was improved to some degree when the predictions w ® re . - . 

repeated with a standard Titan blanket (three inches thick) installed 
in the payload fairings, but the improvements can only be < expected with 
confidence in the higher frequencies. It wasconcluded other 

noise reduction methods should be investigated with the objective of 
lowering the low frequency environments. A number of possible 
approaches were discussed as subjects for follow-on work. 
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such as lengthening the exhaust duct have been investigated by MMAG in 
recent years and research is continuing in this area. We have 
demonstrated that subscale testing, in which the liftoff is simulated 
using cold gas jets, can provide valuable information on the acoustical 
impacts of pad design changes. This approach is reasonably low cost 
and gives repeatable results. 

It must be emphasized that these techniques should be incorporated 
into the design process as early as possible, for maximum benefit to be 
realized. 


6.2 Special Purpose De velopment Tests 

There are several potential mitigation techniques in which analysis 
should be backed up by testing, to support the goal of achieving 
acoustic attenuation, including the following: 

(i) The selection of optimum blanket/barrier/damping 
treatments, using panels mounted in a Transmission Loss acoustic 
chamber. 

(ii) The development of local acoustic attenuation shrouds, 
used inside the payload fairing to protect subsystems which may have 
been previously qualified to a lower environment; this could be a 
cost-effective alternative to re-qualifying and/or re-designing the 
subsystem for the NLS environment. 

(iii) The development of vibration isolation techniques for 
large subsystems, using off-the-shelf isolators selected on the basis 
of the subsystem frequencies and the shape of the acoustic spectrum 
inside the NLS payload fairing. 

6.3 vibration Studies 

Even before NLS payloads are defined in detail, there are a number 
of general vibration problem areas that should be addressed. Recently 
developed techniques for estimating acoustically— induced vibration 
environments, such as the VAPEPS and PROXIMODE methods, should be 
evaluated in terms of their applicability to the NLS program. The 
development of a cost-effective flight instrumentation plan, which 
would integrate flight data with development testing and analysis could 
be started quite early in the program. Standardized flight 
instrumentation brackets should be developed, having appropriate 
frequency characteristics which will avoid data pollution caused by 
dynamic problems in the brackets themselves. 
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6 . 0 APPENDICES 
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Marietta Interoffice Memo 5486/CB-88-516 (Proprietary), November 1988. 


22. R. C. Potter and M. J. Crocker, "Acoustic Prediction Methods 
for Rocket Engines, Including the Effects of Clustered Engines and 
Deflected Exhaust Flow," NASA CR-566, October 1966. 


PflCTP A-? 



8.2 Appendix B: Data Base From Previous Programs 


This appendix provides tables of the Saturn program information 
which was utilized in the derivation of the 1.5 LV environmental 
estimates. 


Saturn Acoustic Data from Apollo 12 (AS - 507) 

External Microphone: B0028-402, Time: T-2 seconds 

Aft end of S-II / S-IVB Interstage, Forward Facing Conic Frustrum 
OASPL - 151.0 dB (Ref 2.9e-09 psi) 

Freq SPL 
(Hz) (dB) 

50.0 135.6 

63.0 137.6 

80.0 140.1 

100.0 142.1 

125.0 139.6 

160.0 141.6 

200.0 141.6 

250.0 139.1 

315.0 139.1 

400.0 140.1 

500.0 139.1 

630.0 137.6 

800.0 137.1 

1000.0 132.1 

1250.0 133.2 

1600.0 130.7 

2000.0 131.2 

2500.0 126.2 

3150.0 124.7 


Saturn Acoustic Data from Apollo 12 (AS - 507) 

External Microphone: B002 9-402, Time: T-2 seconds 

Aft end of S-II / S-IVB Interstage, Forward Facing Conic Frustrum 
OASPL - 149.7 dB (Ref 2.9e-09 psi) 


Freq SPL 
(Hz) (dB) 

50.0 137.1 

63.0 139.1 

80.0 140.1 

100.0 140.1 

125.0 138.1 

160.0 139.6 

200.0 140.1 

250.0 135.6 

315.0 136.6 

400.0 138.1 

500.0 136.1 

630.0 135.6 

800.0 135.6 

1000.0 135.6 

1250.0 132.7 

1600.0 129.2 

2000.0 128.7 

2500.0 125.7 

3150.0 125.7 


Pa or R.7 



Saturn Acoustic Data from Apollo 12 (AS-507) 

External Microphone: B0030-402, Time: T-2 seconds 

Aft end of S-II / S-IVB Interstage, Forward Facing Conic Frustrum 

OASPL - 148.5 dB (Ref 2.9e-09 psi) 


Freq 

SPL 

(Hz) 

(dB) 

50.0 

136.6 

63.0 

138.1 

80.0 

138.6 

100.0 

139.1 

125.0 

135.6 

160.0 

138.6 

200.0 

138.6 

250.0 

132.1 

315.0 

135.1 

400.0 

136.1 

500.0 

134.1 

630.0 

135.6 

800.0 

135.6 

1000.0 

135.1 

1250.0 

132.2 

1600.0 

128.7 

2000.0 

128.7 

2500.0 

126.2 

3150.0 

125.7 


Saturn Acoustic Data from Apollo 12 
External Microphone: B0031-402, Time 

Fwd end 

of S-II / S-IVB Interstage, 

OASPL - 

148.2 dB (Ref 2.9e-09 psi) 

Freq 

SPL 

(Hz) 

(dB) 

50.0 

135.6 

63.0 

137.1 

80.0 

137.1 

100.0 

136.6 

125.0 

133.1 

160.0 

135.6 

200.0 

137.1 

250.0 

135.6 

315.0 

133.6 

400.0 

136.6 

500.0 

134.1 

630.0 

135.6 

800.0 

137.1 

1000.0 

137.1 

1250.0 

136.2 

1600.0 

132.7 

2000.0 

132.2 

2500.0 

130.7 

3150.0 

126.2 


(AS-507) 

: T-2 seconds 
Forward Facing 


Conic Frustrum 


Pape P-7 


Saturn Acoustic Dara from Apollo 12 (AS-507) 
External Microphone; B0032— 402, Time; T~2 seconds 
Fwd end of S-II / S-IVB Interstage, Forward Facing 
OASPL - 149.4 dB (Ref 2.9e-09 psi) 


Conic Frustrum 


Freq SPL 
(Hz) (dB) 

50.0 135.6 

63.0 137.6 

80.0 138.1 

100.0 139.6 

125.0 138.1 

160.0 139.1 

200.0 138.6 

250.0 135.6 

315.0 130.1 

400.0 134.6 

500.0 137.1 

630.0 137.1 

800.0 137.1 

1000.0 138.6 

1250.0 135.7 

1600.0 133.7 

2000.0 133.2 

2500.0 131.7 

3150.0 126.2 


Saturn Acoustic Data from Apollo 12 
External Microphone; B0033-402, Time 
Aft end of S-II / S-IVB Interstage, 
OASPL - 155.2 dB (Ref 2.9e-09 psi) 


(AS-507) 

: T-2 seconds 

Forward Facing Conic Frustrum 


Freq SPL 
(Hz) (dB) 

50.0 143.6 

63.0 147.1 

80.0 144.6 

100.0 146.6 

125.0 143.1 

160.0 144.6 

200.0 144.6 

250.0 142.1 

315.0 142.1 

400.0 141.6 

500.0 139.6 

630.0 139.6 

800.0 139.6 

1000.0 140.1 

1250.0 138.2 

1600.0 134.2 

2000.0 134.7 

2500.0 135.2 

3150.0 126.2 
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Saturn Acoustic Data from Apollo 12 (AS-507) 

External Microphone: B0034-402, Time: T-2 seconds 

Aft end of S-II / S-IVB Interstage, Forward Facing Conic Frustrum 

OASPL - 152.4 dB (Ref 2.9e-09 psi) 

Freq SPL 
(Hz) (dB) 

50.0 137.1 

63.0 141.6 

80.0 141.6 

100.0 142.6 

125.0 139.6 

160.0 143.1 

200.0 143.6 

250.0 139.6 

315.0 139.6 

400.0 139.6 

500.0 138.6 

630.0 139.6 

800.0 138.6 

1000.0 137.1 

1250.0 137.2 

1600.0 134.2 

2000.0 134.2 

2500.0 134.2 

3150.0 126.2 


Saturn Acoustic Data from Apollo 12 (AS-507) 
External Microphone: B0035-402, Time: T-2 seconds 
Aft end of S-II / S-IVB Interstage, Forward Facing 
OASPL - 152.6 dB (Ref 2.9e-09 psi) 



Freq SPL 
(Hz) (dB) 

50.0 138.1 

63.0 142.6 

80.0 142.6 

100.0 141.6 

125.0 138.6 

160.0 143.1 

200.0 141.6 

250.0 141.1 

315.0 140.6 

400.0 140.6 

500.0 138.6 

630.0 139.1 

800.0 139.6 

1000.0 138.6 

1250.0 136.2 

1600.0 135.2 

2000.0 134.7 

2500.0 135.2 

3150.0 130.2 
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Saturn Acoustic Data from Apollo 12 (AS-507) 

F,:„nal Microphone: B0036-402, Time: T-2 seconds 

rid end of S-II / S-IVB interstage. Forward Facing Conxc Frustrum 
OASPL — 153.0 dB (Ref 2.9e-09 psi) 


50.0 139.6 

63.0 143.6 

80.0 142.6 

100.0 142.6 

125.0 138.6 

160.0 140.6 

200.0 141.6 

250.0 140.1 

315.0 140.6 

400.0 140.6 

500.0 139.6 

630.0 140.6 

800.0 140.6 

1000.0 139.6 

1250.0 138.2 

1600.0 135.2 

2000.0 137.2 

2500.0 136.7 

3150.0 136.2 


Saturn Acoustic Data from Apollo 12 (AS-507) 
External Microphone: B0037-404, Time: T-2 seconds 
Aft end of S-IVB Skirt, Cylinder Fwd of Frustrum 
OASPL - 154.3 dB (Ref 2.9e-09 psi) 


50.0 140.6 

63.0 145.6 

80.0 145.6 

100.0 142.6 

125.0 140.6 

160.0 143.1 

200.0 143.1 

250.0 141.6 

315.0 140.6 

400.0 141.1 

500.0 140.1 

630.0 141.6 

800.0 139.6 

1000.0 139.1 

1250.0 140.2 

1600.0 137.7 

2000.0 136.7 

2500.0 139.7 

3150.0 131.7 
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Saturn Acoustic Data from Apollo 12 (AS-507) 
External Microphone; B0038— 404, Time: T“2 seconds 

^kirt, Cylinder Fwd of Frustrum 
(Ref 2 . 9e-09 psi) 


Aft end 

of S-IVB 

OASPL - 

153.2 dB 

Freq 

SPL 

(Hz) 

(dB) 

50.0 

138.1 

63.0 

143.6 

80.0 

143.6 

100.0 

141.6 

125.0 

139.6 

160.0 

142.6 

200.0 

143.1 

250.0 

142.1 

315.0 

141.6 

400.0 

141.1 

500.0 

138.6 

630.0 

139.1 

800.0 

138.6 

1000.0 

138.6 

1250.0 

137.2 

1600.0 

135.7 

2000.0 

136.7 

2500.0 

135.7 

3150.0 

128.7 

Saturn . 

Acoustic I 

External Microphc 

Aft end 

of S-IVB 

OASPL - 

150.3 dB 

Freq 

SPL 

(Hz) 

(dB) 

50.0 

135.6 

63.0 

137.6 

80.0 

139.6 

100.0 

141.1 

125.0 

138.1 

160.0 

142.1 

200.0 

140.1 

250.0 

137.1 

315.0 

138.6 

400.0 

138.1 

500.0 

135.1 

630.0 

135.6 

800.0 

134.6 

1000.0 

133.1 

1250.0 

137.2 

1600.0 

133.2 

2000.0 

133.2 

2500.0 

132.2 

3150.0 

126.2 


(Ref 2 . 9e-09 psi) 
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Saturn Acoustic Data from Apollo 10 (AS-505) 
External Microphone: B0016-219, Time: T-60 seconds 
S-ii Forward Skirt, Aft of Forward Facing Frustrum 
OAFPL - 155.1 dB (Ref 2.9e-09 psi) 


Freq SPL 
(Hz) (dB) 

50.0 139.1 

63.0 140.6 

80.0 143.6 

100.0 144.1 

125.0 143.6 

160.0 143.6 

200.0 143.6 

250.0 143.6 

315.0 143.6 

400.0 143.1 

500.0 142.6 

630.0 142.1 

800.0 142.1 

1000.0 141.7 

1250.0 141.7 

1600.0 141.7 

2000.0 140.7 

2500.0 138.7 

3150.0 132.2 


Saturn Acoustic Data from Apollo 10 (AS-505) 
External Microphone: B0037-200, Time: T-80 seconds 
S-II Aft Skirt, Barrell section 
OAFPL - 149.1 dB (Ref 2.9e-09 psi) 


Freq SPL 
(Hz) (dB) 

50.0 125.6 

63.0 127.6 

80.0 130.6 

100.0 132.6 

125.0 134.1 

160.0 136.1 

200.0 136.6 

250.0 136.6 

315.0 136.6 

400.0 135.6 

500.0 136.6 

630.0 142.1 

800.0 140.6 

1000.0 137.7 

1250.0 137.7 

1600.0 135.7 

2000.0 134.7 

2500.0 131.7 

3150.0 128.7 
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Saturn Acoustic Data from Apollo 13 (AS-508) 

External Microphone: B0036-402, Time: T-79 seconds 

Fwd end of S-II / S-IVB Interstage Skirt, Forward Facing Conic Frustrum 
OAFPL - 150.8 dB (Ref 2.9e-09 psi) 


Freq 

(Hz) 

50.0 

63.0 

80.0 

100.0 

125.0 

160.0 

200.0 

250.0 

315.0 

400.0 

500.0 

630.0 

800.0 

1000.0 

1250.0 

1600.0 

2000.0 

2500.0 

3150.0 


SPL 

(dB) 

133.6 

136.1 

139.6 

141.6 

138.6 

141.1 

141.6 

140.1 

140.1 

138.1 

137.6 

136.6 

137.1 

137.1 

134.7 

131.7 

130.2 

129.7 

119.2 


Saturn Acoustic Data from Apollo 13 (AS-508) 
External Microphone: B0037-404, Time: T“79 seconds 
Aft end of S-IVB Skirt, Cylinder Fwd of Frustrum 
OAFPL - 147.3 dB (Ref 2.9e-09 psi) 

Freq SPL 
(Hz) (dB) 

50.0 126.1 

63.0 128.1 

80.0 131.1 

100.0 133.1 

125.0 133.1 

160.0 137.1 

200.0 136.1 

250.0 136.6 

315.0 137.1 

400.0 137.1 

500.0 135.1 

630.0 136.6 

800.0 136.6 

1000.0 136.1 

1250.0 134.7 

1600.0 131.7 

2000.0 130.7 

2500.0 130.2 

3150.0 123.7 



Saturn Acoustic Data from Apollo 13 (AS-508) 
External Microphone: B0038-404, Time: T-79 seconds 
Aft end of S-IVB Skirt, Cylinder Fwd of Frustrum 
OAFPL - 148.3 dB (Ref 2.9e-09 psi) 


Freq SPL 
(Hz) (dB) 

50.0 127.1 

€3.0 130.1 

80.0 132.6 

100.0 134.1 

125.0 133.6 

160.0 137.6 

200.0 137.1 

250.0 138.1 

315.0 138.1 

400.0 137.6 

500.0 136.1 

630.0 137.1 

800.0 136.6 

1000.0 137.1 

1250.0 136.7 

1600.0 133.7 

2000.0 131.7 

2500.0 130.2 

3150.0 125.7 


Saturn Acoustic Data from Apollo 13 (AS-508) 
External Microphone: B0039-404, Time: T-79 seconds 
Aft end of S-IVB Skirt, Cylinder Fwd of Frustrum 
OAFPL - 153.1 dB (Ref 2.9e-09 psi) 


Freq SPL 
(Hz) (dB) 

50.0 138.6 

63.0 140.1 

80.0 140.6 

100.0 142.1 

125.0 140.6 

160.0 143.1 

200.0 142.6 

250.0 142.1 

315.0 141.1 

400.0 142.6 

500.0 139.6 

630.0 140.1 

800.0 139.1 

1000.0 140.1 

1250.0 139.7 

1600.0 136.7 

2000.0 136.7 

2500.0 136.7 

3150.0 130.7 
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Saturn Acoustic Data from Apollo 12 (AS-507) 

External Microphone: B0029-402, Time: T-77 seconds 

Aft end of S-II / S-IVB Interstage Skirt, Forward Facing Conic Frustrum 
OAFPL - 147.5 dB (Ref 2.9e-09 psi) 


Freq SPL 
(Hz) (dB) 

50.0 126.1 

63.0 125.1 

80.0 125.6 

100.0 128.6 

125.0 128.1 

160.0 133.1 

200.0 134.1 

250.0 132.1 

315.0 135.6 

400.0 136.6 

500.0 135.1 

630.0 137.1 

800.0 137.6 

1000.0 137.6 

1250.0 138.2 

1600.0 136.7 

2000.0 136.7 

2500.0 135.2 

3150.0 127.2 


Saturn Acoustic Data from Apollo 12 (AS-507) 

External Microphone: B0030— 402, Time: T — 77 seconds 

Aft end of S-II / S-IVB Interstage Skirt, Forward Facing Conic Frustrum 
OAFPL - 150.0 dB (Ref 2.9e-09 psi) 


Freq 

(Hz) 

50.0 

63.0 

80.0 

100.0 

125.0 

160.0 

200.0 

250.0 

315.0 

400.0 

500.0 

630.0 

800.0 

1000.0 

1250.0 

1600.0 

2000.0 

2500.0 

3150.0 


SPL 

(dB) 

131.6 

134.6 

136.1 

138.6 
138.6 

140.1 

140.1 

136.1 

138.6 

139.6 

137.1 

138.6 

138.6 

136.6 

135.7 

132.7 

134.7 

132.7 

126.2 
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Saturn Acoustic Data from Apollo 12 (AS-507) 

External Microphone: B0034-402, Time: T“77 seconds 

Aft end of S-II / S-IVB Interstage Skirt, Forward Facing Conic 

OAFPL - 142.9 dB (Ref 2.9e-09 psi) 


Frustrum 


Freq SPL 
(Hz) (dB) 

50.0 126.1 

63.0 125.6 

80.0 126.1 

100.0 130.6 

125.0 128.1 

160.0 131.1 

200.0 131.6 

250.0 130.1 

315.0 131.1 

400.0 132.1 

500.0 128.6 

630.0 132.6 

800.0 131.6 

1000.0 130.6 

1250.0 129.7 

1600.0 128.7 

2000.0 131.2 

2500.0 130.2 

3150.0 126.2 


Saturn Acoustic Data from Apollo 12 (AS-507) 

conic Frustru* 

OAFPL - 150.1 dB (Ref 2.9e-09 psi) 


Freq SPL 
(Hz) (dB) 

50.0 131.6 

63.0 133.1 

80.0 136.1 

100.0 138.1 

125.0 137.6 

160.0 140.1 

200.0 140.6 

250.0 138.6 

315.0 139.6 

400.0 139.1 

500.0 136.1 

630.0 137.6 

800.0 138.1 

1000.0 137.6 

1250.0 137.7 

1600.0 133.7 

2000.0 135.2 

2500.0 133.2 

3150.0 126.2 



Saturn Acoustic Data from Apollo 12 (AS-507) 

External Microphone: B0036-402, Time: T-77 seconds 

Fwd end of S-II / S-IVB Interstage Skirt, Forward Facing Conic Frustrum 
OAFPL - 152.4 dB (Ref 2.9e-09 psi) 

Freq SPL 
(Hz) (dB) 

50.0 136.6 

63.0 138.6 

80.0 140.6 

100.0 142.1 

125.0 140.6 

160.0 142.6 

200.0 143.1 

250.0 140.1 

315.0 140.1 

400.0 140.1 

500.0 138.6 

630.0 140.1 

800.0 140.1 

1000.0 139.1 

1250.0 139.2 

1600.0 133.7 

2000.0 135.2 

2500.0 133.2 

3150.0 126.2 


Saturn Acoustic Data from Apollo 12 (AS-507) 

External Microphone: B0037-404, Time: T-77 seconds 
Aft end of S-IVB Aft Skirt, Cylinder Fwd of Frustrum 
OAFPL - 146.6 dB (Ref 2.9e-09 psi) 

Freq SPL 
(Hz) (dB) 

50.0 127.6 

63.0 130.1 

80.0 133.6 

100.0 133.6 

125.0 131.6 

160.0 134.6 

200.0 135.1 

250.0 134.6 

315.0 133.6 

400.0 133.6 

500.0 130.1 

630.0 131.6 

800.0 132.6 

1000.0 133.6 

1250.0 137.7 

1600.0 132.2 

2000.0 133.2 

2500.0 138.7 

3150.0 128.7 



Saturn Acoustic Data from Apollo 12 (AS-507) 
External Microphone: B0G38-404, Time: T*77 seconds 
Aft end of S-IVB Skirt, Cylinder Fwd of Frustrum 
OAFPL - 149.7 dB (Ref 2.9e-09 psi) 

Freq SPL 
(Hz) (dB) 

50.0 131.1 

63.0 131.6 

80.0 135.1 

100.0 135.6 

125.0 133.6 

160.0 138.6 

200.0 140.1 

250.0 139.6 

315.0 139.1 

400.0 139.1 

500.0 136.1 

630.0 137.1 

800.0 138.1 

1000.0 138.6 

1250.0 137.2 

1600.0 134.7 

2000.0 135.7 

2500.0 135.7 

3150.0 125.7 


Saturn Acoustic Data from Apollo 12 (AS-507) 
External Microphone: B0039-404, Time: T-77 seconds 
Aft end of S-IVB Skirt, Cylinder Fwd of Frustrum 
OAFPL - 151.0 dB (Ref 2.9e-09 psi) 

Freq SPL 
(Hz) (dB) 

50.0 134.6 

63.0 136.1 

80.0 137.1 

100.0 138.1 

125.0 138.1 

160.0 142.6 

200.0 143.1 

250.0 140.1 

315.0 140.1 

400.0 139.6 

500.0 137.6 

630.0 137.1 

800.0 137.1 

1000.0 136.6 

1250.0 136.2 

1600.0 133.2 

2000.0 134.7 

2500.0 134.7 

3150.0 126.2 



Saturn Acoustic Data from Apollo 13 (AS-508) 
External Microphone: B0028-402, Time: T-82 seconds 

S-IVB Interstage Skirt, Forward I 
(Ref 2 . 9e-09 psi) 


Aft end 

of S-II / 

OAFPL - 

144.1 dB 

Freq 

SPL 

(Hz) 

(dB) 

50.0 

120.6 

63.0 

123.1 

80.0 

126.1 

100.0 

130.6 

125.0 

130.6 

160.0 

134.1 

200.0 

136.1 

250.0 

136.1 

315.0 

135.6 

400.0 

132.1 

500.0 

130.1 

630.0 

130.6 

800.0 

130.6 

1000.0 

130.1 

1250.0 

128.7 

1600.0 

127.7 

2000.0 

127.7 

2500.0 

125.7 

3150.0 

118.7 

Saturn , 

Acoustic 1 

External Microphi 

Aft end 

of S-II 

OAFPL - 

150.1 dB 

Freq 

SPL 

(Hz) 

(dB) 

50.0 

128.6 

63.0 

131.6 

80.0 

135.6 

100.0 

137.6 

125.0 

137.6 

160.0 

140.6 

200.0 

140.6 

250.0 

141.1 

315.0 

140.6 

400.0 

138.6 

500.0 

136.6 

630.0 

137.1 

800.0 

137.6 

1000.0 

135.1 

1250.0 

135.2 

1600.0 

135.7 

2000.0 

133.2 

2500.0 

132.7 

3150.0 

122.7 


(Ref 2 . 9e-09 psi) 
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Saturn Acoustic Data from Apollo 13 (AS-508) 

External Microphone: B0030-402, Time: T-82 seconds „ . _ _ 

Aft end of S-II / S-IVB Interstage Skirt, Forward Facing Conic Frustrum 

OAFPL - 149.0 dB (Ref 2.9e-09 psi) 


Freq SPL 
(Hz) (dB) 

50.0 130.1 

63.0 131.6 

80.0 134.1 

100.0 135.6 

125.0 137.1 

160.0 139.1 

200.0 139.6 

250.0 139.6 

315.0 138.6 

400.0 138.1 

500.0 136.6 

630.0 137.1 

800.0 137.1 

1000.0 135.6 

1250.0 134.2 

1600.0 132.2 

2000.0 131.2 

2500.0 129.7 

3150.0 121.7 


Saturn Acoustic Data from Apollo 13 (AS— 508) 

External Microphone: B0031-402, Time: T-82 seconds Conic Frust rum 

Fwd end of S-II / S-IVB Interstage Skirt, Forward Facing Conic Frustrum 

OAFPL - 145.1 dB (Ref 2.9e-09 psi) 


Freq SPL 
(Hz) (dB) 

50.0 132.6 

63.0 133.1 

80.0 132.6 

100.0 131.6 

125.0 131.1 

160.0 133.6 

200.0 134.1 

250.0 133.6 

315.0 133.1 

400.0 132.6 

500.0 132.1 

630.0 133.6 

800.0 135.1 

1000.0 134.1 

1250.0 130.7 

1600.0 128.7 

2000.0 128.2 

2500.0 126.2 

3150.0 122.2 
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Saturn Acoustic Data from Apollo 13 (AS-508) 

External Microphone: B0032-402, Time: T-82 seconds 

Fwd end of S-II / S-IVB Interstage Skirt, Forward Facing Conic Frustrum 
OAFPL - 138.6 dB (Ref 2.9e-09 psi) 

Freq SPL 
(Hz) (dB) 

50.0 124.1 

63.0 122.1 

80.0 123.6 

100.0 123.1 

125.0 120.6 

160.0 123.6 

200.0 125.1 

250.0 126.6 

315.0 126.6 

400.0 126.6 

500.0 127.1 

630.0 129.6 

800.0 130.1 

1000.0 128.1 

1250.0 126.7 

1600.0 123.7 

2000.0 123.7 

2500.0 122.7 

3150.0 118.7 


Saturn Acoustic Data from Apollo 13 (AS-508) 

External Microphone: B0033-402, Time: T-75 seconds 

Aft end of S-II / S-IVB Interstage Skirt, Forward Facing Conic Frustrum 
OAFPL - 144.2 dB (Ref 2.9e-09 psi) 

Freq SPL 
(Hz) (dB) 

50.0 130.6 

63.0 132.1 

80.0 131.1 

100.0 132.1 

125.0 129.1 

160.0 132.1 

200.0 131.6 

250.0 132.6 

315.0 135.1 

400.0 132.1 

500.0 131.1 

630.0 132.1 

800.0 132.1 

1000.0 131.6 

1250.0 131.2 

1600.0 130.2 

2000.0 130.2 

2500.0 127.7 

3150.0 122.2 


Pn f»e D t 1 



Saturn Acoustic Data from Apollo 13 (AS - 508) 

External Microphone: B0034-402, Time: T-82 seconds 

Aft end of S-II / S-IVB Interstage Skirt, Forward Facing 

OAFPL - 144.3 dB (Ref 2.9e-09 psi) 


Conic Frustrum 


Freq SPL 
(Hz) (dB) 

50.0 124.6 

63.0 125.6 

80.0 127.1 

100.0 128.6 

125.0 129.6 

160.0 132.6 

200.0 133.6 

250.0 132.6 

315.0 134.1 

400.0 134.1 

500.0 133.1 

630.0 134.1 

800.0 133.6 

1000.0 132.6 

1250.0 132.7 

1600.0 129.7 

2000.0 129.7 

2500.0 127.7 

3150.0 122.2 


Saturn Acoustic Data from Apollo 13 (AS-508) 
OAFPL - 145.9 dB (Ref 2.9e-09 psi) 


Freq SPL 
(Hz) (dB) 

50.0 127.6 

63.0 129.1 

80.0 132.1 

100.0 134.6 

125.0 131.6 

160.0 134.6 

200.0 135.6 

250.0 135.6 

315.0 136.1 

400.0 136.1 

500.0 134.1 

630.0 135.1 

800.0 133.6 

1000.0 132.1 

1250.0 131.7 

1600.0 127.7 

2000.0 128.2 

2500.0 126.2 

3150.0 123.2 



8 . 3 Appendix C: NLS Launch Vehicle Information Used In Study 


This appendix contains a compilation of the NLS physical properties 
and tabulated trajectory information, as a means of providing a 
convenient access to the data for future applications. 


Dm rra P 1 




NASA/MSFC August-1991 Reference Trajectory for HLLV (all STMEs working) 















































































































































Time (sec) 


Altitude (ft) 


Mach Number 

99 

3.994 

104.301 

215 

3.960 

100 

4.067 

106.076 

205 

4.020 

101 

4.142 

107.859 

195 

4.081 

102 

4.216 


186 

4.141 

103 

4.291 

111.446 

177 

4.202 

104 

4.367 

113.250 

169 

4.263 

105 

4.443 

115.060 

161 

4.325 

106 

4.520 

116.875 

154 

4.387 

107 

4.597 

118.696 

146 

4.449 

108 

4.674 

120.523 

139 

4.512 

109 

4.752 


133 

4.575 

110 

4.831 

“124.190 

127 

4.638 

111 

4.910 

126.030 

121 

4.701 

112 

4.990 

127.874 

115 

4.764 

113 

5.069 

129.722 

109 

4.826 

114 

5.140 

131.571 

104 

4.881 

115 

5.212 

133.421 

99 

4.936 

116 

5.284 

135.269 

94 

4.991 

117 

5.355 

137.116 

89 

5.046 

118 

5.427 

138.962 

85 

5.101 

119 

5,498 

140.806 

80 

5.155 

120 

5.569 

142.648 

76 

5.209 

121 

5.635 

144.486 

72 

5.259 

121.4 

5.660 

145.219 

71 

5.278 

121.4 

5.660 

145.219 

71 

5.278 

122 

5.701 

146.319 

69 

5.310 

123 

5.764 


65 

5.359 

124 

5.823 

149.966 

62 

5.404 

125 

5.876 

151.778 

59 

5.444 

126 



56 

5.481 

126.4 

5.943 

154.295 

54 

5.495 

■nssm 

5.943 

154.295 

54 

5.495 

127 

5.971 


53 

5.515 

128 

6.014 


50 

5.548 

129 

6.055 

158.902 

47 

5.581 

130 

6.094 

160.649 

45 

5.613 

131 

6.133 

162.381 

42 

5.653 

131.4 

6.148 


42 

5.670 

131.4 

6.148 


42 

5.670 

135 

6.305 


35 

5.842 

140 

6.530 

177.352 

28 

6.103 

141.4 

6.594 

179.585 

26 

6.181 

141.4 

6.594 

179.585 

26 

! 6.181 

145 

6.762 

185.211 

22 

1 6.388 

150 

7.003 

192.755 

16 

6.693 

155. 

7.252 

199.996 

15 

7.017 

160 

7.509 

206.946 

12 

7.358 

165 

7.774 

213.618 

10 

7.718 

170 

8.047 

220.024 

8 

8.098 

175 

8.327 


7 

8.490 

180 

8.617 

232.098 

6 

i 8.940 

185 

8.914 

237.795 

5 

9.358 

190 

9.220 

243.287 

4 

9.789 

195 

9.535 

248.591 

i 3 

10.235 . 

200 

9.859 


3 

10.697 


NASA/MSFC August-1991 Reference Trajectory for HLLV (all STMEs working) 





































































































































































300 

19.186 

305 

19.808 

305.23 

19.838 

305.23 

19.838 

310 

20.369 

315 

20.950 

320 

21.558 

323.119 

21.950 

323.119 

21.950 

325 

22.132 

330 

22.626 




NASA/MSFC August-1991 Reference Trajectory tor HLLV (all STMEs working) 





































































































Time (sec) 

Velocity (fos) 

Altitude (ft) 


Mach Number 

0 

0 

95 

0 

0.001 

0 

0 

95 

0 

0.001 

1 

17 

103 

0 

0.015 

2 

34 

129 

1 

0.030 

3 

51 

171 

3 

0.045 

4 

68 

231 

5 

0.060 

5 

86 

308 

8 

0.076 

6 

104 

403 

12 

0.092 

7 

122 

516 

17 

0.108 

7.615 

134 

595 

20 

0.118 

7.615 

134 

595 

■MESH 

0.118 

8 

141 

648 

22 

0.124 

9 

159 

798 

29 

0.140 

10 

178 

966 

36 

0.157 

11 

197 

1.154 

43 

0.174 

12 

217 

1.361 

52 

0.192 

13 

236 

1.588 

62 

0.209 

14 

256 

1.834 

72 

0.227 

15 

277 

2.100 

83 

0.245 

16 

297 

2.386 

95 

0.264 

17 

318 

2.693 

108 

0.283 

17.615 

332 

2.892 

116 

0.294 

17.615 

332 

2.892 

116 

0.294 

18 

340 

3.021 

122 

0.302 

19 . 

362 


136 

0.321 

20 

384 

3.740 

152 

0.341 

21 

406 

4.131 

168 

0.362 

22 

429 

4.544 

185 

0.382 

23 

452 

4.979 

203 

0.403 

24 

476 

5.437 

222 

0.425 

25 

500 

5.917 

241 

0.447 

26 

525 

6.420 

261 

0.470 

27 

550 

6.946 

282 

0.493 

28 

575 

7.496 

303 

0.516 

29 

601 

8.070 

325 

0.540 

30 

628 

8.667 

347 

0.564 

31 

654 

9.289 

370 

0.589 

31 .426 

666 

9.562 

380 

0.600 

31.426 1 

666 

9.562 

380 

0.600 

35 

767 

12.026 

465 

0.695 

36.939 

824 

13.500 

512 

0.750 

36.939 

824 

13.500 

1 512 

0.750 

40 

866 

15.950 

! 521 

0.793 

45 

943 

20.164 

537 

0.874 

50 

1.031 

24.651 

551 

0.969 

55 

1.126 

29.410 

558 

1.078 

60 

1.230 

34.425 

555 

1.202 

63 

1.300 


1 551 

1.286 

63 

1.300 


' 551 

1.286 

65 

1.387 

39.720 

577 

1.385 

70 

1.619 

45.584 

i 623 

1.660 

75 

1.871 

52.071 

1 627 

1.962 

80 

■MLM 

59.153 

! 578 

2.257 

85 

2.439 

66.798 

507 

2.554 


NASA/MSFC August- 1991 Reference Trajectory for 1.5 LV (all STMEs working) 











































































































































































NASA/MSFC August-1991 Reference Trajectory lor 1.5 LV (all STMEs working) 





































































































Time (sec) 

isamsi 

Altitude (ft) 


Mach Number 

325 


472.897 

0 

9.895 

330 

19.491 


o 

10.103 

335 

20.110 


0 


340 

20,759 

480.317 

0 

10.588 

345 

21.441 

482.112 

0 

10.869 

347.673 

21.820 

482.926 

0 


347.673 

■HH:W 

482.926 

0 

11.031 1 

350 



0 


355 


484.681 

0 

11.374 

360 

23.216 

485.486 

0 

11.637 

365 

23.826 

485.961 

0 

11.923 

369.543 

24.405 

486.100 

0 

12.207 




■ ■ 



NASA/MSFC August-1991 Reference Trajectory for 1.5 LV (all STM Es working) 












































NLS Vehicle Scaling Parameters 


HLLV LILY 


Thrust 

ASRB 

STME 

14.680.000 (N) 

2.593.000 (N) 

583,000 (lb) 

Exit Velocity 
ASRB 
STME 

2673 (m/s) 
4247 (m/s) 

13,934 (ft/s) 

Nozzle Diameter 



ASRB 

3.78 (m) 


STME 

2.21 (m) 

7.25 (ft) 

Core Diameter 

8.4 (m) 

27.5 (ft) 

PLF Diameter 

5.1 (m) 

16.6 (ft) 

Effective Nozzle 

Diameter 
(mixing related) 

ASRB 

STME 

3.78 (m) 
4.42 (m) 

17.76 (ft) 

Effective Exit Velocity 
(power related) 

ASRB 

STME 

1711 (m/s) 
1529 (m/s) 

13,934 (ft/s) 

Areal Weights 
PLF Adapter 

94.9 (Pa) 

.013773 (psi) 

Forward Skirt 

93.9 (Pa) 

.013624 (psi) 

Intertank Skirt 

160.4 (Pa) 

.023282 (psi) 

Aft Skin and Prop Modue 

182.4 (Pa) 

.026476 (psi) 









